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Chapter 1 -- Introduction

This report summarizes results of geotechnical explorations and foundatlon design studies
completed for the SR-167, C51765/6, OL-2305, 15" Avenue SW to 15" Avenue NW High
Occupancy Vehicle (HOV) lane widening project. The geotechnical program described in
this report was conducted for the Washington State Department of Transportation
(WSDOT), as part of On-Call Geotechnical Services Agreement Y-6050. Geotechnical work
for this HOV widening project was authorized by WSDOT on November 14, 1997 as Task
Assignment No. AD.

Purpose and Scope

The purpose of the explorations and foundation design studies performed under this task
order was to provide information that would assist WSDOT in the selection of foundation
types, sizes, and embedment depths for the widening of three bridge structures within the
project limits. The bridges are:

¢ Bridge No. 167/112 N-E Ramp

¢ Bridge No 167/112 E Ramp

¢ Bridge No. 167/112 W-N Ramp

The scope of work for this task order included:

» Reviewing existing information for the project, including the geology of the area,
original design drawings, and subsurface information from previous WSDOT
explorations in the area

¢ Recording blowcounts from Standard Penetration Tests (SPTs) and visually classifying
soil samples recovered during drilling of 11 test holes at proposed bridge foundation

locations

e Conducting laboratory tests on a limited number of soil samples recovered during the
field explorations to aid in the classification of soil types

e Characterizing subsurface soil and groundwater conditions based on the results of the
field explorations and laboratory tests

» Reviewing the regional geology and seismicity for the project site, including ground
motions that are appropriate for soil response evaluations and bridge design

o Establishing foundation design considerations and requirements for each bridge,
consisting of
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= subsurface conditions, relevant soil properties, and liquefaction susceptibility
= the axial capacity of driven piles and drilled shafts

= settlement of driven piles and drilled shafts under anticipated service loads

= soil parameters for use in the lateral analyses of driven piles and drilled shafts
= the effects of seismic loading on the capacity of driven piles and drilled shafts
= the stability of abutment fills during seismic loading, and

= allowable bearing pressures for abutment footings

* Preparing this summary of results from the geotechnical explorations and foundation
design studies

Results of these geotechnical explorations and foundation design studies are presented in
six chapters following this introductory chapter. The first two chapters, Technical Data and
Area Geology and Seismicity, pertain to the entire project. The next three chapters (N-E
Ramp Structure, E-Ramp Structure; and W-N Ramp Structure) provide information specific
~to-each-of thethree bridge structures. ‘The final chapter presents references for the report.
Figures, soil test hole logs, and laboratory data for each bridge are presented at the end of
chapter addressing the bridge.

Background

The general project involves widening of SR-167 to handle HOV lanes between 157 Avenue
SW and 15™ Avenue NW (Milepost 13.73 to 15.76). This widening project is located in King
County, Section 23, Township 21 North, Range 4E West Meridian near the City of Auburn,
Washington. Figure 1-1 shows a vicinity map for the project.

Area Description

The bridges are located on the western side of the Kent Valley approximately 2 km (1.2
miles) west of the City of Auburn and 32 km (20 miles ) south of Seattle. This area is
relatively flat with the primary relief being the 8- to 9-m (26 to 30 ft) approach fills required
by SR-167 to pass over SR-18. Natural ground surface elevations range from 18 to 21 m (60
to 70 ft) National Geodetic Vertical Datum (1978).

Approximately 1 km (0.6 miles) to the west of the project site, the ground surface climbs to
an uplands area. The elevation of the uplands area is roughly 100 m (330 ft) above the
valley. SR-5 is located approximately 4 km (2.5 miles) west of the project site.

Bridge Descriptions

Three bridge structures ( N-E Ramp, E Ramp, and W-N Ramp) will be widened as part of
this HOV project. The N-E Ramp and W-N Ramp provide access from 157 Avenue SW and
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eastbound SR-18, respectively, to northbound SR-167. The E Ramp is the mainline bridge
for northbound traffic on SR-167.

The three bridges were constructed in the 1970's. The size and foundations systems for the
existing bridges are as follows:

¢ N-ERamp: This bridge is located on an access ramp from 15" Avenue SW
approximately 100 m (330 ft) south of the W-N Ramp. It is approximately 83 m (273 ft)
in length and 8 m (26 ft) in width. The bridge is supported on two interior piers with
each pier consisting of a single column. The columns are supported on a pile
foundation system consisting of a pile cap and creosote-treated timber piles with as
many as 28 piles at each cap. The timber piles have a capacity of 360 kN (40 tons). End
abutments for the bridge are supported by a 1.5-m (5 ft) wide strip footing located
approximately 3 m (10 ft) below the roadway surface. The allowable bearing pressure
on the footing is 290 kPa (3 tsf).

e ERamp: This bridge is approximately 105 m (343 ft) in length and 12 m (40 ft) in
width. It is supported by four interior piers with each pier consisting of two columns.
Each column is located on a pile cap. A 6-pile group supports the pile cap. Piles are 490
kN (55 ton) concrete piles driven approximately 12 to 15 m (40 to 50 ft) below the
ground surface. End abutments for the bridge are supported by a 1.5-m (5 ft) wide strip
footing located approximately 3 m (10 ft) below the roadway surface. The allowable
bearing pressure on the footing is also 290 kPa (3 tsf).

e W-N Ramp: This bridge is located approximately parallel to the E-Ramp, with the west
side of the W-N Ramp from 3 to 9 m (10 to 30 {ft) from the east side of the E-Ramp. The
length of this bridge is approximately 101 m (331 ft), and its width varies from
approximately 14 m (46 ft) at the south end to 12 m (40 ft) at the north end. This bridge
is also supported by four interior piers with each pier consisting of two columns. As
with the E-Ramp, each column is located on a pile cap, which in turn is supported by a
6-pile group. Piles are 490 kIN (55 ton) concrete piles driven to approximately the same
depths as piles driven at the East Ramp. End abutments for the bridge are also
supported by a 1.5-m (5 ft) wide strip footing located approximately 3 m (10 ft) below
the roadway surface and having an allowable bearing pressure of 290 kPa (3 tsf).

Existing Geotechnical Information

Geotechnical explorations were completed between 1969 and 1971 by WSDOT for the
original design of the three structures. The exploration program resulted in 10 test holes
advanced to depths of as much as 44 m (144 ft) below the existing ground surface, which at
the time was located at approximate elevation 18 to 21 m (60 to 70 ft). SPT blowcounts
were recorded in each test hole. A limited amount of laboratory test information was also
obtained as part of this original program.

In 1991 a second exploration program was completed for WSDOT in the same area (Terra,
1991). This program included a test hole drilled at each of the abutments for the W-N Ramp
and a single test hole between the south abutments of the W-N Ramp and the E Ramp.
Hollow-stem auger methods were used to advance the test holes to a maximum depths of
approximately 37 m (120 ft) below the top of the approach fill. The approach fill is located
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approximately at elevation 27 m (90 ft). SPTs were obtained during the drilling program;
laboratory classification tests were conducted on representative soil samples recovered from
the test holes.

Proposed Bridge Modifications

WSDOT plans to widen each of the bridge structures to accommodate an additional traffic
lane. The width of the widening will be 3.7 m (12 ft) for the N-E Ramp, 5.5 m (18 ft) for the
East Ramp, and from approximately 1.5 to 3.7 m (5 to 12 ft) for the W-N Ramp. Single
columns will be added along the existing pier lines to support the widened section of the
bridges. The new columns will be supported on either driven piles or drilled shafts,
depending on the results of this geotechnical exploration and foundation design study.

Preliminary column loads were provided by WSDOT for the bridges. These loads, which

are summarized in Table 1-1, were used for preliminary bridge foundation settlement

analyses. Live loads were also provided by WSDOT's bridge design group. However,

during a progress review meeting with WSDOT’s geotechnical engineers, it was decided
. that the foundation settlement analyses would be conducted only for the service loads.

Table 1-1. Preliminary Bridge Column Loads
Pier No. Load

__Bridge

E-Ramp 2 1,749 kN (395 kips)
2,117 kN (478 kips)
1,807 kN (408 kips)
1,408 kN (318 kips)
1,151 kN (260 kips)
1,351 kN (305 kips)
961 kN (217 kips)

589 kN (133 kips)

3,228 kN (729 kips)
3,228 kN (729 kips)

W-N Ramp

N-E Ramp

W N R W N\l ke W

Approach fills will be widened to accommodate the extra bridge lane. The side slope for
the widened embankment will be the same as the existing slope. Small wing walls may be
used on some of the bridges to retain the added fill at the abutment end slope. WSDOT's
geotechnical engineers will provide design requirements for the wings walls, if they are
needed.



Project Team

This project was completed by a team of engineers from WSDOT, CH2M HILL, and
subconsultant firms. The WSDOT project manager for this work was James G. Cuthbertson,
P.E. The subconsultant firms included CivilTech Corporation, Terra Associates, Inc., and
Soil Technology. Terra Associates and CivilTech were responsible for field inspection
services during drilling and sampling of each test hole, as well as foundation design studies
for the E-Ramp and W-N Ramp structures, respectively. Terra Associates also prepared a
summary of geological conditions for the site. Soil Technology provided laboratory testing
services. CH2M HILL was responsible for the foundation design studies at the N-E Ramp
bridge, seismic studies, report preparation, and overall coordination of the project.

Information presented in this report has been reviewed by senior geotechnical engineers
from CivilTech, Terra Associates, and CH2M HILL. An overall review of all components of
the report was performed by WSDOT's project manager, Jim Cuthbertson, and chief
foundation engineer, Robert Kimmerling.

Limitations

This report has been prepared exclusively for WSDOT and its contractors and consultarifs -
for the specific application to the proposed improvements to the N-E Ramp, E-Ramp, and
the W-N Ramp bridge structures. Field work, laboratory testing, and geotechnical
evaluations have been conducted for this task order in general accordance with locally
accepted geotechnical engineering practice. No other warranty, express or implied, is
made.

The recommendations contained in this report are based on existing test hole information
and drawings provided by WSDOT, as well as the results of supplemental test holes drilled
as part of this task order. Both the previous and new test hole logs indicate subsurface
conditions only at the specific locations and at the time of sampling. They do not
necessarily reflect strata variations that may exist between these locations nor do they
necessarily reflect changes in groundwater conditions with time. If subsurface conditions
different from those described in this report are noted during construction, CH2M HILL
should be notified of the differences so it can review the information and determine if
reevaluation of geotechnical recommendations given in this report is necessary.

The recommendations in this report are based on the proposed widening, as discussed in
the following chapters for each bridge structure. If the nature or location of widening
changes, the recommendations contained in this report should not be considered valid
unless CH2M HILL reviews the changes and verifies or modifies the recommendations in
writing. CH2M HILL is not responsible for any claims, damages, or liability associated
with the subsurface data presented in this report or reuse of engineering analyses without
the express written authorization.
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Chapter 2 --Technical Data

This section of the report summarizes technical data upon which the foundation design
studies are based. The information includes the results of field explorations and laboratory
testing programs performed as part of this task order, as well as information collected
during field explorations conducted between 1969 and 1971 and in 1991. No records were
found for the original construction of the bridge foundations.

Field Explorations

The field explorations involved drilling and sampling of test holes, some of which extended
more than 40 m (131 ft) below the ground surface. These test holes encountered soils that
ranged from silts to gravels. Most of the soil profile consisted of layers of silty sands and
gravelly sands.

1897 Drilling and Sampling

The 1997 drilling and sampling program was performed in November and December of
1997. Eleven test holes were drilled during the program. Drilling services were provided
by WSDOT using its own crews and equipment. The maximum depth of drilling was 37 m
(121 ft); the minimum depth was 12 m (40 ft). Five of the test holes were drilled from the
highway shoulder on the top of the approach fill for the bridges, where the ground
elevation was approximately 27 m (90 ft}. The remaining six test holes were drilled along
the shoulder of SR-18 at approximate elevation 18 to 21 m (60 to 70 ft).

The locations of test holes relative to the bridge plan drawings are given in Chapters 4, 5,
and 6 with each bridge discussion. The designation "xx-97" indicates test holes completed
as part of this task order. These locations were selected by WSDOT and CH2M HILL.
WSDOT staked the locations prior to the start of the drilling program. Horizontal locations
were established in the field by measuring to fixed components of the bridge (e.g., column
location or bridge seat) using a hand tape. The ground surface elevations at the test hole
locations were estimated from the preliminary plan drawings for the three bridges. Table 2-
1 summarizes the approximate depths, locations, and elevations of the test holes.

Table 2-1. 1997 Test Hole Information

Bridge Test Hole Depth Station Offset Ground
Surface
(m) (m) (m) Elevation
(m)
N-E Ramp H-1-97 12.7 6+53 B.5RofCL 28
H-2-97 36.7 7+21 7.0 Rof CL 21
H-3-97 12.3 7+47 8.4 Rof CL 28
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E-Ramp H-4-97 38.7 188+72 9.5Rof CL 23
H-5-97 15.2 159+25 11.6 Rof CL 21
H-6-97 24.8 159+40 8.5 R of CL 23
H-7-97 12.3 159+57 8.8Rof CL 30
W-N Ramp { H-8-97 14.0 9+35 11.0Rof CL 28
H-9-97 35.2 9+48 9.8 Rof CL 23
H-10-97 245 10+03 81 RofCL 21
H-11-97 12.7 10+38 8.5RofCL 29

Note: CL refers to centeriine

Two types of drilling rigs were used to advance the test holes during the 1997 HOV
widening project. The four test holes at the abutments on the N-E Ramp and the W-N
Ramp bridges (H-1, H-3, H-8, and H-11) were drilled using WSDOT’s CME 45C skid rig.
The skid rig was used because of limited room at the required test hole location. A rubber-
tire Longyear BK-80 was used to drill all the remaining holes.

Drilling was accomplished using either hollow-stem auger or mud rotary methods. A 100-
mm (4 in), inner diameter hollow-stem auger was used for the shallow test holes. The

* annulus within the hollow-stem auger was filled with water in an effort to minimize the
potential for heave. The mud rotary procedure used a 100-mm (4 in) or 76-mm (3 in)
diameter casing advancer. Holes were typically started with the 100-mm casing and--
-~changed-to 76-mm casing-at depths of approximately 10 m (33 ft). Generally, drilling was
accomplished without incident, although progress was difficult in the gravelly soils with
the mud rotary method and heave became a problem with the hollow-stem auger system.

Standard penetration tests (SPTs) were conducted at approximately 1.5-m (5 foot) intervals
in general accordance with ASTM D1586. The SPTs in all but one of the test holes were
completed using WSDOT's automatic hammer. This hammer is equipped with a 0.62 kN
(140 Ib) weight and uses a free fall of 760 mm (30 in). Results of a recent energy monitoring
program (ASCE, 1995) determined that this hammer has an efficiency of approximately 80
percent. Some of the SPTs in the one other hole were completed using a 0.62 kN (140 1b)
safety hammer in combination with a rope-cathead lift procedure. The safety hammer was
used when a hydraulic leak developed in the automatic hammer. Sample liners were not
used in any of the SPTs.

Samples recovered during the SPTs were visually classified in the field by professional
engineers from either Terra Associates or CivilTech, using ASTM D-2488. Following the
classification of each sample, portions of the samples were sealed in plastic bags for storage
and subsequent laboratory testing. Terra Associates and CivilTech prepared field test hole
logs summarizing their visual classifications, SPT blowcounts, and other field observations
for each test hole. Copies of these test hole logs are included at the end of Chapters 4, 5, and
6 for each bridge discussion. '

Piezometers were installed in test holes -2, H-4, and H-8 to allow for long-term
monitoring of groundwater levels. The piezometers consisted of 25-mm (1 in) diameter
solid PVC pipe with the bottom 1.5 m (5 ft) slotted. A 4-m (13 ft) long sand pack was placed
around the slotted section of pipe. The top of the piezometer was completed with a locking
steel cap.
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Previous Exploration Programs

Two exploration programs had been conducted previously at the project site. The first
program occurred between 1969 and 1971 for the design of the original bridge structures;
the second occurred in 1991 as part of the preliminary phase of this widening project.

The original WSDOT program involved four test holes at the N-E Ramp, three test holes at
the E Ramp, and three test holes at the W-N Ramp. These test holes were drilled and
logged by WSDOT personnel. According to the test hole logs, the test holes were advanced
by a variety of methods, including “chop and drive”, rotary wash, and hollow-stem auger.
It is understood from discussions with WSDOT engineers that SPTs were most likely
conducted using the rope-cathead method with what WSDOT refers to as a slug weight. It
is assumed that this weight was either a safety hammer or donut hammer. The following
table provides a summary of the depths, locations, and elevations of the test holes drilled
during WSDOT'’s original programs.

Table 2-2. Previous Soil Test Hale Information

Bridge Test Hole Depth Station Offset Elevation
(m) {m) (m) (m)
N-E Ramp | H-1-70 20.9 7+42 1.5 Lof CL 18.5
H-2-70 31.9 6+58 1Rof CL 19.2
H-3-70 221 6+82 - 1.5 L of A Line 19.4
H-4-70 213 7+18 03LofA Line | 18.1
E Ramp H-2-69 35.7 159453 1Lof CL 19.5
A-2-71 43.8 159+03 18.3 Rof CL 20.9
A-4-71 36.3 185+55 122 Rof CL 19.5
B-8-91 36.6 158452 | 78Rof LM =29
B-10-91 35.1 159+60 7Rof LM 129
W-N Ramp | H-3-89 37.0 10+23 -- 18.8
A-3-71 37.7 8+78 7.9Rof CL 20.9
A-5-71 34.9 9+35 8.8Rof CL 19.5

The more recent drilling program was completed by TAIin 1991. This program included
test holes in the approach fills at both ends of the E-Ramp bridge and a single test hole
approximately midway between the edges of the W-N Ramp and E Ramp structures on the
south abutment. The test holes were drilled by Drilling Unlimited of Seattle, Washington
using hollow-stem auger methods. Test holes were drilled to depths of 30 to 36.5 m (100 to
120 ft) below the abutment elevation (approximate elevation 29 m; 96 ft). SPTs were
performed every 1.5 m (5 ft) using rope-cathead procedures with a safety (?) hammer. The
locations of these test holes are also given in Table 2-2.

Copies of test hole logs from these previous programs are included at the end of Chapters 4,
5, and 6 with each bridge discussion.
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Laboratory Testing

Limited numbers of laboratory tests were conducted to assist in classifying soils recovered
during each of the drilling and sampling programs. Inasmuch as soil within the profile is
primarily cohesionless, the laboratory testing programs generally focused on grain-size
analyses and water content determinations.

1997 Laboratory Testing Program

The 1997 laboratory testing program was conducted by Soil Technology of Brainbridge
Island, Washington. Soil Technology completed 10 mechanical grain-size analyses (ASTM
D-422), 14 No. 200 wash sieve analyses (ASTM D-1140), and two Atterberg Limit tests
(ASTM D-4318). Samples were selected for testing by CivilTech, Terra Associates, and
CH2M HILL based on each organization’s review of the soil profile at the bridge for which
it had responsibility. CH2M HILL also reviewed the CivilTech and Terra Associate
assignments for overall consistency and to confirm that information would be available to
assist CH2M HILL in its liquefaction analyses.

Table 2-3 summarizes the numbers and types of tests completed for each bridge. Results of
these laboratory tests are included at the end of Chapters 4, 5, and 6 with each bridge
_discussion.

Table 2-3. 1997 Laboratory Testing Program

| Bridge Mechanical Grain- | No.200 Wash Sieve | Atterberg Limits
Size Analyses '
N-E Ramp 3 5
E Ramp 4 3 1

W-N Ramp 3 5 1

Previous Laboratory Testing
Limited numbers of laboratory tests were also completed for the 1969-1971 WSDOT

program and the 1991 Terra program. These programs focused on soil classification testing.

WSDOT also performed six consolidation tests on silty soils and 18 triaxial compression
tests during its program. Terra conducted two consolidation tests on silty soil samples.

Results of the WSDOT and Terra laboratory test programs are included at the end of
Chapters 4, 5, and 6 with each bridge discussion.
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Chapter 3 - Regional Geology and Seismicity

A review of the regional geology and seismicity for the project area was performed. The
intent of this review was twofold: (1) to identify mechanisms that resulted in or influenced
the makeup or consistency of soil within the depth range that bridge structure foundations
would likely be installed, particularly with respect to any unique conditions that could
affect either the construction or performance of the bridge foundations, and (2) to establish
the level of seismic loading to use for seismic design. WSDOT currently uses a 10 percent
probability of exceedance in 50 years as its design basis.

Regional Geology

The project site is located in the Green-Duwamish River Valley in the central Puget Sound
Lowland physiographic province. The geclogy of the Puget Sound Lowland is the product
of several complex geologic processes extending over a long period of time. The area ‘
geology as described in the Geological Survey Professional Paper 672 - Geology of the Renton
Auburn, and Black Diamond Quadrangles, King County, Washington by Mullineaux (1970) is
summarized below.

r

Glacial Sedimentation

Pleistocene deposits in the Puget Sound lowland record at least four glaciations separated
by interglacial intervals. The three pre-Vashon glacial and the two intervening interglacial
episodes are named for formations that crop out in the Puyallup Valley.

The oldest deposits recognized as Pleistocene are named Orting Drift and usually consist of
stony till and outwash that lie on Tertiary formations along the Green River. The Orting
Drift consists predominantly of brown sand and gravel that contains lenses and sheets of
till, silt, and clay. Typically, the Orting till is very compact and stony. The Orting drift
deposits are more than 60 m (200 ft) thick.

The intermediate drift formation is next younger than the Orting deposit. This stratigraphic
unit, which consists mostly of two fine-grained, clay-rich till members separated by 15 to 55
m (50 to 180 ft) of stratified sediments, crops out along the Green and White River valley
walls. The intermediate drift lies between Orting Drift and Puyaliup Formation. Its
position thus suggests equivalence with drift of the Stuck Glaciation, but it cannot be traced
to that formation and is strikingly dissimilar to the typical Stuck Drift. The intermediate
drift consists of fine-grained till, lacustrine silt, clay, sand, fluvial sand, and minor amounts
of gravel. The maximum exposed thickness of intermediate drift is about 80 m (262 ft), in
the Green River valley. The upper till is generally 3 to 10 m (10 to 35 ft) thick, but the lower
till varies in thickness between 12 and 60 m (40 and 200 ft).

Puyallup Formatjon consists of thin beds of sand, silt, clay, and peat, and lies above the
intermediate drift and below Salmon Springs Drift. The Puyallup Formation also contains
volcanic ash and volcanic mudfiow. The maximum known thickness of the Puyallup
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Formation is 17 m (55 ft), at the mouth of the Green River valley. Along the Green and
White River valleys, the formation probably is not more than 8 m (25 ft) thick.

The Salmon Springs Drift overlies the Puyallup deposits and underlies the Vashon Drift
along the Green River, White River, and Duwamish Valleys. The Salmon Springs Drift
consists chiefly of fluvial sand and gravel. The formation includes one or two till layers in
the vicinity of Auburn. The thickness of the Salmon Springs Drift ranges from less than 15
m (50 ft) in the White River Valley to more than 122 m (400 ft) in the Auburn area.

Till or stratified drift of Vashon age lies at the surface of the drift plain in and around the
project area. Vashon till forms the present surface of about half the drift plain, and
probably extends under most other deposits that lie at the surface. Vashon till consists of an
unstratified, nearly unsorted mixture of pebbles and cobbles in a clayey silt and sand
matrix, and it contains scattered boulders as large as a meters across. The till is highly
impermeable. It is highly variable in thickness; the maximum exposed thickness is about 21
m (70 ft), but the average thickness is about 6 m (20 ft).

Post Glacial Sedimentation

Post-glacial sedimentation began as the Puget lobe retreated to a point where it no longer
contributed sediment to that locality. The post-glacial deposits may be partly late
Pleistocene and mostly or entirely Holocene in age. Three principal types of deposits were
~fornied, as briefly described below:™

¢ Lacustrine deposits that consist of peat and lesser amounts of silt, clay, and sand occupy
closed depressions and other poorly drained areas on the glacial drift plain and on the
floors of the major valleys. On the valley floors, lacustrine sediments generally occur in
broad, thin layers in flood-plain basins. The organic material in the peat bogs is chiefly
woody, fibrous, sedimentary, and moss peat.

¢ Alluvium deposited on flood plains by the White, Green, and Cedar Rivers as they cut
down into the drift plain is preserved locally on terraces along the present valley walls.
Terrace alluvium along the Green River occurs in sheets of gravel and sand only about 5
to 10 m (16 to 33 ft) thick rather than in thick fill deposits. The terraces were formed by
lateral swinging of the various rivers against their valley walls as they cut downward
through the drift plain in post glacial time.

. ®  Colluvium deposits are also found at the margins of the flood plains. These deposits
consist chiefly of landslide debris but also include slope wash and even some alluvium
on valley walls.

Detailed studies of the geology of the Kent Valley area are currently being performed by the
State of Washington Department of Natural Resources (DNR, 1994). Geologic cross-sections
developed by staff within the DNR indicate that the project area was at the south end of the
ancient Duwamish embayment. The ancient delta for the Green River was located to the
east, and the ancient Auburn delta was locate to the south. The bottom of the embayment
at the project site was as much as 50 m (165 ft) below the current sea level.

Approximately 5,700 years ago, the area was covered by the Osceola Mudflow, which
originated on the northeastern flank of Mount Rainier (DNR, 1994). In the project area the
top of the mudflow is apparently located 30 to 60 m (100 to 200 ft) below the ground surface.
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This mudflow is typically characterized as a dark gray, gravelly fine sand, silty sandy coarse
gravel, and silty fine and coarse sand. Blowcounts from the SPT are often less than 10 blows
per 0.3 m.

Subsequent to the flow the area was rapidly filled by the deposition of sediments from the
White River. This led to a relatively thick accumulation of granular soils, with interlayers of
silts and occasional deposits of clay in areas where still water occurred. Also, prevalent with
the deposition was accumulations of wood fragments and similar organic deposits.

Seismicity

The project site is located in an area that has undergoné earthquake loading in the past and
can be expected to undergo earthquake loading in the future. The sources of and potential
ground motions resulting from these seismic events are summarized below.

Source of Seismicity

Seismic events in the Puget Sound area are generally believed to result from three source
mechanisms: (1) the very large magnitude (M 8% +) Cascadia source off the coast of
Washington, (2) the intraplate source (M7%) occurring 30 to 70 km (19 to 43 miles) beneath
the Puget Sound, and (3) random crustal events (M6% to 7) that could occur in the upper 30
km (19 miles) anywhere in the region. =

Of the three sources mechanisms the highest risk to the project site results from the
intraplate source mechanism, which is thought to be capable of producing ground motions
as high as 0.5g (g = gravitational acceleration). The 1949 Olympia earthquake (M7.1) and
the 1965 SeaTac earthquake (M6.5) are recent events associated with the intraplate fault
mechanism. The recurrence interval for this source mechanism is usually cited as being

rom 35 to 110 years. Levels of acceleration from an intraplate event are expected to range

from 0.15 to 0.3g.

Potential for Ground Motions

The peak firm-ground acceleration for the project site will be approximately 0.29g, based on
WSDOT's recently developed map Peak Ground Accelerations with a 10 Percent Probability of
Exceedance in 50 Years. It is understood that WSDOT prepared its map from the United
States Geological Survey’s (USGS) national acceleration map, which was developed by the
USGS during the 1996 National Seismic Hazards Mapping Project. The USGS estimated
peak firm-ground acceleration values by conducting probability studies for the three major
source mechanisms affecting the Puget Sound Area.

Ground Motions for Liguefaction and Embankment Stability Assessments

Local site geology can result in amplification or attenuation of the firm-ground acceleration,
depending on soil conditions at the site and the level of firm-ground acceleration.
Considering the loose soils that exist between the ground surface and elevation -15 m (49 ft)
and the leve] of firm-ground motion estimated from the WSDOT acceleration map, a small
amount of ground motion amplification is expected to occur at the project site.
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For this project, procedures given in the National Earthquake Hazards Reduction Program
(NEHRP, 1995) report Recommended Provisions for Seismic Regulations for New Buildings,
which now have been adopted within the 1997 edition of the Uniform Building Code
(UBC), were used to determine the amount of ground motion modification. Based on the
blowcounts recorded during the geotechnical exploration programs for the area, the site
was classified as either a NEHRP Soil Profile Type Sp or Soil Profile Type Sy in Table
1.4.2.3a of Part 1 - Provisions. The corresponding site coefficient, F,, for both of these soil
profiles is 1.2, based on the estimated short-period acceleration value, A, of 0.29 at the site.

For the purposes of the liquefaction and embankment stability studies discussed later
within each bridge section, the seismic coefficient is assumed to be equal to the product of
the peak ground acceleration from WSDOT’s map (0.29g) times the site coefficient (1.2),
giving a design acceleration of 0.35g. The primary contributor to the seismic ground
acceleration in the USGS probability study for the Puget Sound area is the intraplate source
mechanism, which is normally assigned a magnitude of 7. This magnitude was used
when conducting liquefaction evaluations for the site.

Ground Motions for Bridge Design

It is understood from discussions with WSDOT’s geotechnical engineers that the bridge
design will follow procedures given in either the 1996 AASHTO Division I-A or the 1994
LRFD Bridge Design Specifications for the determination of seismic loading on the bridge.
~ The following parameters are appropriate for these design approaches: (1) acceleration
coefficient = 0.29, and (2) site coefficient = Type IL
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Chapter 4 -- Bridge No. 167/112 N-E Ramp

Foundation design studies carried out for Bridge No. 167/112 N-E Ramp (N-E Ramp)
included

* determining the axial capacity of driven piles and drilled shafts

* assigning soil properties for use in lateral response analyses of driven piles and drilled
shafts, and

* estimating the allowable bearing pressures for the abutment footings.

In view of the potential for liquefaction of sands and silts prevalent in the upper 10 m (33 £t}
of soil profile at the bridge site, the possible effects of liquefaction on the capacity of driven
piles and drilled shafts, as well as the stability of abutment side and end slopes, were also
evaluated. Methods used during and key results from these foundation capacity and
liquefaction analyses are presented in this chapter.

Project Design Considerations

The N-E Ramp structure is located between 15" Avenue SW and SR-167, approximately 3.5
km (2 miles) north of 15" Avenue SW. The general location of the bridge is shown in
Figure 1-1. This bridge will be widened on its east side by 3.7 m (12 ft) to provide an HOV
lane.

Existing Structure

The N-E Ramp structure was constructed in the early 1970's from prestressed concrete. It is
approximately 83 m (273 ft) in length and 8 m (26 ft) in width. The bridge is supported on
two interior piers with each pier consisting of a single column. Columns have an exposed
height of approximately 6 m (20 ft) and are located approximately 38 m (125 ft) apart. The
ends of the bridge are supported by shallow strip footings located within the abutment fill.

The foundation for each column consists of a pile cap located approximately 2.5 m (8 ft)
below the roadway surface. From the original design drawings, it appears that each pile
cap is roughly 6 m (20 {t) in width and is assumed to be square in shape. Each pile cap is
supported by creosote-treated timber piles with as many as 28 pilesin a group. The
estimated average length of the timber piles, based on the original design drawings, is
approximately 11 m (36 ft). This results in the toe of the piles being located at an
approximate elevation of 7 m (23 ft). The timber piles were required in the design drawings
for the bridge to have a capacity of 360 kN (40 tons).

Approach {ills for the bridge are approximately 8 m (26 ft) in height. The end of the
abutment fill is sloped at 2H:1V (horizontal to vertical); side slopes on the east side of the
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approach fill range in steepness from 3H:1V to 2.5H:1V. A 1.5-m (5 ft) wide strip footing is
located at each end of the bridge in the approach fill, approximately 3 m (10 ft) below the
roadway surface. Design drawings indicate that the allowable bearing pressure on the
footing is 290 kPa (3 tsf). '

Site Conditions

The site is level except for the grade change to accommodate the approach fills for the
bridge. Side slopes along the east side of the bridge, where widening will occur, are
covered with brush and small trees. The areas at the base of the side slopes are
undeveloped, and therefore should pose no significant obstructions to construction. A
pond is located to the east of the south approach fill, but appears to be far enough from the
toe of the abutment fill slope that the additional fill to accommaodate the widening should
not encroach on the pond.

Traffic on the bridge was only moderate during the period that field explorations were
completed. The use of the roadway below the bridge seems to be heavier, as traffic goes
from northbound SR-167 to eastbound SR-18. A large working area for the construction of
the column foundation exists on the south side of the bridge; the working area for the north
column is restricted and will likely require temporary realignment of the road during
construction. '

‘Subsurface Conditions

Seven test holes have been drilled and sampled for this bridge: four for the original bridge
design and three as part of this task order. A piezometer was installed in one of the test
holes completed for this widening project. Locations of the test holes are shown in Figure 4-
1, which is located at the end of this chapter. Test hole logs based on past and the most
recent explorations are included at the end of this report chapter. Limited numbers of
laboratory grain-size tests were also completed as part of the widening project. Results of
these tests are also included at the end of this chapter.

The geotechnical soil profile for this bridge consists of layered silts, sands, and gravels to
the maximum depth of exploration, 37 m (120 ft). Figure 4-2 shows the soil profile that was
developed from the test hole logs. "

For the purposes of the foundation design studies, five primary soil layers are identified.
The characteristics and approximate depths of these layers are summarized as follows,
beginning at the ground surface:

* Layer1-- Site Fill: This material occurs from the ground surface to approximate
elevation 15 (49 ft). It appears that approximately 3 m (10 ft) of the site soil were
removed during original construction and were replaced with this material. The same
material is used for the approach fills to the bridge. Generally the fill is a dense sandy
gravel. From location to location and depth to depth, the amount of silt changes. The
upper portions of this layer are above the water table; blowcounts from the SPT are
normally greater than 20.
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e Layer 2 - Sandy Silt Layer: This layer extends from approximate elevation 15 (49 ft) to
approximate elevation 12 m (39 ft). The material is primarily fine silty sand and sandy
silt. Blowcounts are sometimes less than 10. It is located below the water table.

¢ Layer 3 -- Sandy Gravel Layer: This layer occurs between approximate elevation 12 m
(39 ft} and elevation 0 m (0 ft). The layer consists of a gravelly sand to sandy gravel.
While blowcounts within the layer are typically above 25, lower blowcounts (e.g., less
than 20) are recorded in the upper portions of the layer.

* Layer4 -- Loose Sand Layer: This layer consists of 13 to 15 m (43 to 49 ft) of loose silty
sand and gravelly sand. Traces of wood are noted in the test hole logs. Blowcounts

range from 6 to 20 or more. Blowcounts in the top 5 m (16 ft) of this layer are often less
than 15.

¢ Layer 5 -- Dense Gravel Layer: A dense gravel layer is encountered at approximate
elevation -13 to -15 m (-43 to -49 ft). This layer is very consistent in the general area.
Blowcounts from the SPT are in excess of 50 blows per 0.3 m (1 ft).

Several important features within the soil profile were identified from the test hole logs.
First, low blowcounts occur within Layers 1, 2, and 4. While some of these low blowcounts
appear to be caused by heave within the augers during drilling, at least some are thought to
represent actual conditions. As discussed subsequently, the low blowcounts in Layers 1
and 2 lead to concerns about the susceptibility of these layers to liquefaction during a
design earthquake. The low blowcounts in Layer 4 present concerns about the depths at
which end bearmg can be mobilized in driven piles or drilled shafts.

Another relevant observation during both the present and past exploration programs was
the presence of scattered wood fragments and cobbles within the soil profile. A wood log
with a diameter of 300 mm (12 in) was encountered in one of the 1970 test holes (H-1-70). A
large cobble was also encountered in at least one of the test holes (H-3-70) at a depth of
approximately 15 m (49 ft), requiring the use of dynamite to break the cobble.

Groundwater was measured at depths of 1.5 to 3 m (5 to 10 ft) below the ground surface.
These depths correspond to approximate elevations of 18 to 20 m (60 to 66 ft). A design
groundwater elevation of 20 m (66 ft) was used for static pile and drilled shaft analyses. For
liguefaction analyses the groundwater elevation was assumed to be elevation 18 m (60 ft).
This lower level for liquefaction analyses represented an expected long-term condition,
while the higher elevation was used for pile and drilled shaft design to assure that adequate
conservatism was incorporated in design for possible short-term loading conditions.

Engineering Soil Properties

Engineering properties were assigned for each of the primary soil layers to aid in
subsequent foundation design computations. Various methods were used to assign these
properties, including soil descriptions, blowcounts from the SPTs, and normal engineering
judgment. These properties are best-estimated values, rather than lower bound. The fact
that the values are best-estimates needs to be recognized as factors of safety are selected for
determining the axial capacity of driven piles and drilled shafts. A summary of these
properties is presented in Table 4-1.
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Table 4-1. Summary of Estimated Soil Properties at N-E Ramp

Soil Layer No. Moist Unit Weight Saturated Unit Weight Friction Angle
(kN/m3) (kN/m3)

i i 19.6 - 19.8 _ 33

2 - 18.1 28

3 - 19.6 33

4 - 18.9 30

5 - 20.3 35

Liguefaction Susceptibility

Liquefaction assessments were conducted using the Seed-Idriss simplified blowcount
procedure (Seed and Idriss, 1982) with a peak ground acceleration of (.35g. As noted in
Chapter 3 of this report, the peak firm-ground acceleration for the site is estimated to be
0.29g. This motion is expected to amplify by a factor of approximately 1.2, as the seismic
wave propagates through the upper 30 m (100 ft) of soil profile, resulting in a design motion
for the liquefaction and embankment stability studies of 0.35g.

In the liquefaction assessment blowcounts from both the 1997 and the previous exploration
programs were used to estimate the cyclic resistance ratio (CRR) for the soil on a test hole
by test hole basis. Blowcounts from all SPTs were adjusted to an energy of 60 percent. An
energy ratio of 80 percent was used for the automatic hammer; all other blowcounts were
assumed to be measured at an energy of 60 percent. Other CRR correction factors, '
including those for overburden, fines correction, and earthquake magnitude were
consistent with the latest recommendations of Robertson and Wride (1997).

The liquefaction potential, which is equivalent to the factor of safety against the occurrence
of liquefaction, at each test hole location was determined by comparing the computed value
of CRR to the cyclic stress ratio (CSR) caused by the design earthquake. If the liquefaction
potential was 1.1 or lower, the soil was identified as having a high potential for liquefaction
during a design earthquake. A check was then made to determine if the material with a
high liquefaction potential met the grain size and plasticity criteria identified by Seed and
Idriss (1982) as being necessary for a material to be liquefiable. Locations of high
liquefaction potential were then plotted on the soil profile for the E-N Ramp to determine
the trend in liquefaction.

Based on the blowcount analyses it appears that liquefaction could develop between the
groundwater location (i.e., elevation 18 m; 60 ft) and elevation 12 m (40 ft) at the N-E Ramp.
This depth range encompasses the lower portion of Layer 1 and all of Layer 2. The
potential for liquefaction is not, however, continuous within this elevation range. Rather,
some of the blowcounts within the range suggest a low liquefaction potential, with the
factors of safety against the occurrence of liquefaction in excess of 2. Individual points of
liquefaction were then discounted if adjacent blowcounts were high, under the premise that
re-distribution in porewater pressure would moderate the tendency for porewater pressure
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buildup. Likewise, blowcounts in areas where heave was specifically noted in the test hole
log were also discounted.

From these interpretations, it was concluded that the soil between elevation 18 m (60 ft) and
15 m (49 ft) would be the most likely to liquefy on a relatively continuous basis; i.e., the
entire layer would be liquefied at one time. Material between elevation 15 m (49 ft) and 12
m (40 {t) would undergo liquefaction on a more localized basis, with some zones of loose
sands and silts liquefying but adjacent areas not liquefying.

- Methods of Foundation Analyses

Foundation design studies were completed to determine the capacities of shallow and deep
foundations that would likely be used during the widening project. The sizes for these
foundations were provided by WSDOT's project manager. Approaches for the analyses
were discussed with WSDOT prior to and during the analyses to confirm that the methods
were generally consistent with WSDOT foundation design requirements.

Driven Pile Design

Axial pile capacities were determined for 460 and 610 mm (18 and 24 in) steel pipe piles. Tt
was assumed that these piles would be driven with a closed end, and filled with concrete
after driving. Analyses were conducted for these two pile sizes to determine the (1) axial
capacity under static (service load) and seismic conditions, (2) the amount of settlement of a
four-pile group under service loads, and (3) soil parameters for lateral pile capacity
determination.

Static Axial Capacity Determination

Both compressive and uplift capacities of the piles were determined. The unified method of
design (Fellenius, 1996) was used to estimate compressive and uplift capacities.
Coefficients for B and N; used during these analyses are given in Table 4-2. No limitations

were place on the determination of side and end resistance when computing capacities. In
some design methods a critical depth of 10 to 20 pile diameters is imposed, beyond which
side friction and end resistance values do not increase. (e. g.. DM-7, 1982). However, for the
depths involved and based on discussions by Fellenius and Altaee (1995), there seems to be -
considerable question whether the critical depth concept is appropriate.

Table 4-2. Summary of Coefficients for Driven Pile Design at N-E Ramp

Layer No. Static Conditions Seismic Conditions

B Nt p Ni
1 0.35 - 0.35 -
2 0.30 - 0.15 -
3 0.45 55 0.45 85
4 0.32 35 0.32 35
5 0.45 60 0.45 60
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The uplift resistance was assumed to be 80 percent of the friction along the side of the pile
in compressive loading. This reduction is consistent with WSDOT's standard practice.

Seismic Axial Capacity Determinations

Procedures used to estimate axial capacity under seismic loading differed from the method
for estimating static capacity only in the (1) assigned [ value for the lower portion of Layer
1 and all of Layer 2 and (2) the prescribed pile toe elevation. As discussed above,
liquefaction is predicted at various depths in Layers 1 and 2 under a design earthquake, the
consequence of which will be reduction in the side and end resistance for the pile. It was
assumed for the seismic axial capacity determination that liquefaction would occur between
elevation 18 and 12 (60 and 40 feet)

Throughout the liquefied zone, a reduced  value was used for side friction. The reduction
in side resistance was introduced by using an undrained residual strength ratio (S;/c")

equal to 0.15. This ratio was selected on the basis of information presented by Dobry and
Baziar (1993) and in the draft proceedings from a 1997 National Science Foundation
Workshop (NSF, 1997) dealing with the measurement of residual strengths in liquefied soil.
A wide range of undrained strength ratios have been suggested for liquefied soil, and some
individuals contend that the residual strength is not proportional to the effective
overburden pressure. Considering the differences of opinion that currently exist, a check
“"wasalso performed using the rélationship between blowcount and residual strength
suggested by Seed and Harder (1990). An undrained strength ratio of 0.15 results in -
undrained strengths that are not inconsistent with the range determined from the Seed and
Harder relationship. J

It was further decided that the toe of the pile should be located below the zone with a high
risk of liquefaction (i.e., 18 to 12 m; 60 to 40 ft) to minimize the potential for excessive pile
settlement during a design seismic event. No adjustments were made for potential buildup
in porewater pressure below the liquefied zone. It was assumed that sufficient
conservatism had been introduced by establishing the maximum toe elevation below the
maximum predicted depth of liquefaction.

This approach to liquefaction was expected to be conservative. The actual effects of the
assumption regarding side friction on compressive and uplift capacity are not significant, as
the side resistance within this depth interval is relatively small, even under static
conditions.

Settlement Estimates for Static Loading

Settlement estimates were made assuming that four piles would be required to support the
pile cap for the column. The four-pile configuration was selected primarily to provide
increased lateral stiffness, in the event that loss in soil strength occurs in part of Layer 1 and
in Layer 2 due to liquefaction, as predicted. It was also assumed that the four piles would
be spaced at 2 % to 3 diameters.

An equivalent footing approach was taken in estimating settlements. The size of the footing

was defined by the perimeter of the pile group. This footing was located at the neutral
plane of a single pile, where the neutral plane was defined as the point at which the side
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friction for the pile equals the service load. A 2V:1H stress distribution was assumed below
the footing.

Soil Parameters for Lateral Pile Loading

Procedures used to determine soil parameters for lateral load generally followed
recommendations of Reese and others (e.g., Reese and Wang, 1989a). Modulus of subgrade
reaction values were based on information presented in Lam and Martin (1986), which
gives modulus of subgrade reaction values as a function of relative density for sands
located above and below the water table. These parameters are appropriate for use in the
computer programs LPILE and COM624.

For seismic loading the resistance of Layer 1 and Layer 2 was reduced to account for the
likelihood of liquefaction under a design earthquake. While liquefaction could occur
between elevation 18 and 12 m (60 and 40 ft), the lower portion of Layer 1, which makes up
the upper 3 m (107 ft) of the liquefiable zone, was considered most vulnerable. Within this
layer a fully liquefied condition was assumed. The average corrected blowcount, (N,),,, for
this layer was approximately 12, resulting in a B of 0.15 based on NSF (1997) or a residual
strength of 12 kPa (250 psf) based on the lower bound of the relationship between residual
strength and corrected SPT value given by Marcuson et al. (1990). Below approximate
elevation 15 the liquefied zone was assigned a friction angle midway between the liquefied
and nonliquefied values. The basis for this was that random locations of liquefaction were
predicted potentially between elevations 15 and 12 m (49 and 40 {t). However, other™
locations within the same depth range did not liquefy. Realizing this, it was reasoned that
some loss in lateral support capacity would occur, but more resistance would exist than a
fully liquefied state.

Pile-group reduction factors were also defined to account for interaction between piles if the
piles are closely spaced, as expected. The reduction factor will depend on the selected
spacing ratio (i.e., ratio of center-to-center pile spacing to pile diameter). Significant
differences in opinion currently exist within the profession regarding the form and amount
of the reduction to apply. Based on a recent survey of state departments of transportation
(Brown et al., 1998), it was found that reduction factors given in references such as DM-7
(1982), the Canadian Foundation Engineering Manua] (1985), and even the Federal
Highways Administration (FHWA) Manual Design and Construction of Driven Piles (GRL,
1996) are generally viewed as resulting in too much reduction in stiffness. The p-multiplier
procedure {(e.g., Brown and Bollmann, 1996} is cuxrently thought to provide the most
realistic representation of group effects, in the absence of dynamic analyses such as given in
WSDOT's Design Manual Foundation Stiffness Under Seismic Loadings (GeoSpectra, 1997).

Drilled Shaft Design

Axial capacities of two drilled shafts, with diameters of 1.83 m (6 ft) and 2.44 m (8 ft), were
determined. It was assumed that a steel casing would be used during installation of these
shafts, but that the casing would be removed as the concrete is placed. Analyses were
conducted for each shaft diameter to determine (1) the axial capacity under static (service
load) and seismic conditions, {(2) the possible settlement of the shaft under service loads,
and (3) soil parameters for lateral shaft capacity determination.
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Static Axial Capacity Determination

The static capacity of the shaft involved determination of side resistance, end bearing, and
uplift resistance. Procedures suggested by the FHWA Manual Drilled Shafts (Reese and
O'Neill, 1988) were generally followed when determining capacity. In this approach the
end bearing of the shaft is determined from the product of the uncorrected blowcount (N)
times a factor of 57.5 in kPa {or N X 0.6 in tsf), and the side friction for cohesionless soil is
based on a computed [ value.

Procedures used in the estimate of shaft side resistance deviated from recommendations
given in the FHWA manual in one important area. When determining B values, the
equation recommended in the FHWA manual was not followed. During a progress review
meeting with WSDOT's geotechnical engineers, it was decided that the B values determined
from the equation in the FHWA manual were too high in the upper layers of soil and
possibly too low in the lower layers. To obtain what were considered to be more
representative 3 values for the soil conditions at the site and the likely construction
methods, B was defined as the product of a lateral earth pressure coefficient (k) and the
tangent of the interface friction angle.

Shaft capacity computations were performed using the Ensoft computer program SHAFT1
(Reese and Wang, 1989b). This program computes shaft side and end resistance every 0.3 m
(1 ft) throughout the depth of interest. Input to the program includes § and blowcounts for
~each layer. The values of B and the average N values used for the shaft capacities analyses
are summarized in Table 4-3. As with the driven piles, the uplift capacity was assumed to
be 80 percent of the side friction for the pile in compression.

Table 4-3. Summary of Coefficients for Drilled Shaft Design at N-E Ramp

Layer No. Static Conditions Seismic Conditions
B N B N

1a 0.33 10 0.33 -
1b 0.33 10 0.15 -

2 027 3 C.15 -
3 042 32 0.42 32
4 0.29 10 0.29 10
5 0.54 170 0.54 70

Seismic Axial Capacity Determinations

Procedures used to estimate the axial capacity of the shaft under seismic loading differed
from the method for estimating static capacity only in the assigned B value for the lower
portion of Layer 1 and all of Layer 2. As discussed previously for driven piles, liquefaction
is predicted at various depths in these layers under a design earthquake, the consequence of
which is reduction is the strength of the layer. It was assumed that the 3 value would be
reduced to 0.15 between elevations 18 and 12 m (60 and 40 ft). The rationale for the
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selection of B of 0.15 is the same as that given for driven piles. Also similar to the driven
pile, it was concluded that the shaft should be located below the maximum predicted depth
of liquefaction.

Settlement Estimates for Static Loading

Settlement estimates were made assuming that a single shaft would support each column.
An equivalent footing approach was taken in estimating settlements. The size of the footing
was defined by the perimeter of the shaft. This footing was located at the neutral plane of
the shaft. As noted before, the neutral plane was defined as the point at which the side
friction for the shaft equals the service load. A 2V:1H stress distribution was assumed
below the equivalent footing.

Soil Parameter for Lateral Pile Loading

Procedures used to determine soil parameters for lateral load were the same as those used
for driven piles. After discussions with WSDOT's geotechnical engineers, it was decided
that no adjustment factors would be given to account for the potential effects of shaft
diameters greater than 0.6 m (2 ft), as has recently been suggested in some studies (e.g.,
ATC, 1996). These parameter are appropriate for use in the computer programs LPILE and
COM©624. e L

As with the driven piles, the resistance of the soil between elevation 18 and 12 meters (60
and 40 feet) was reduced to account for the likelihood of liquefaction under a design -
earthquake. While liquefaction could occur throughout the elevation range, the upper 3 m
(10 ft} were considered most vulnerable. Within this layer a fully liquefied condition, with
aresidual strength of 12 kPa (250 psf), was assumed. The lower portion of the range was
assigned a friction angle midway between the liquefied and nonliquefied values. The basis
for this was the same as discussed previously for driven piles.

Abutment Design

To facilitate the widening, it will be necessary to increase the width of the embankment side
slopes by approximately 4 m (13 ft). Abutment footings will also have to be constructed in
the approach fill to support the new bridge width. In the case of the abutment fill, analyses
were performed to determine the stability of the new side slopes and end slopes under
static and seismic loading. For the abutment footings, it was necessary to determine
allowable bearing pressures and strain compatible dynamic soil properties for the footing.
Procedures used to evaluate these requirements are summarized below.

Abutment Stability

The stability of the abutment fill was determined by conducting stability analyses using the
computer program PCSTABL (Siegel, 1975). For these analyses the groundwater was
assumed to be located at elevation 18 m (60 ft), which is roughly 3 m below the existing
ground surface. The end slope of the embankment was assumed to be 2H:1V, which was
similar to the end slope and somewhat steeper than the side slopes. Properties of the
embankment material and underlying soils were as defined previously within the
discussion of Engineering Soil Properties.
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For the seismic case, pseudo static analyses were conducted using PCSTABL. In this
approach the seismic coefficient was varied until a factor of safety approximately equal to
1.0 was defined. Properties were similar to those used for the static analyses, except that
the lower portion of Layer 1 was assigned a residual strength equal to 0.15 times the
effective overburden pressure (i.e., 5. = 0.156"). The basis for the residual strength

determination was presented previously in the discussion of Driven Pile Design. The lower
portion of Layer 1 was used to constrain the depth of the failure surface to the zone where
continuous liquefaction was expected.

Estimates of deformation during the seismic event were made using the Newmark
simplified method. With this method, an approximate estimate of deformation can be
obtained from published relationships between the predicted deformation and the ratio of
vield acceleration to peak acceleration.

Allowable Footing Pressures and Dynamic Properties

Each end of the existing bridge is supported on an abutment wall that is supported on a 1.5-
m (5 ft) wide strip footing extending across the complete width of the bridge. This footing
is located approximately 3 m (10 ft) below the roadway surface. It is anticipated that a
similar size footing at the same depth will be used for the widening. Allowable bearing
pressures for this footing were determined using conventional bearing capacity theory with
--allowances-for the sloping face of the end-abutment. It is understood that the lateral earth
pressures for the abutment wall will be based on WSDOT's standard wall design.

Shear modulus, material damping, and Poisson’s ratio values were estimated based on
recommendations given in the FHWA Manual Seisnic Design of Bridge Foundations (Lam
and Martin, 1986). For these parameter determinations the low-strain shear modulus was
selected on the basis of average blowcounts recorded during the SPTs within one footing
width below the planned footing elevation. An average shearing strain of 0.02 to 0.2
percent was used to adjust for the level of shearing strain expected during a design event.

Recommendations

This presentation of recommendations is separated into two sections. The first covers the
foundation systems, and the second involves construction considerations. While the
discussion of construction is limited, recommendations given for design of the foundation
systems are dependent on the methods used and observations made during construction.
For this reason it is critical that any changes in either site conditions encountered during
construction or procedures used during construction be brought to the attention of CH2M
HILL in order that the following foundation recommendations can be confirmed for the
observed conditions or methods. '

Foundations

The methods of analyses described in the preceding section were used to develop
geotechnical recommendations for design of driven pile and drilled shaft foundations,
abutment footings, and abutment slopes under static and seismic loading conditions. These
recommendations are based on best estimates of soil properties. Appropriate consideration
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should be given to the possibility of different soil properties and soil behavior during
selection of factors of safety. '

Driven Piles and Drilled Shafts -- Static Loading

The interior columns for the bridge can be supported using either driven piles or drilled
shafts

Axial Capacity: Figures 4-3 through 4-6 present ultimate axial capacity versus depth plots
for each pile and shaft size. Itis emphasized that these capacities are ultimate values; they
have not been reduced with factors of safety. The maximum ultimate capacity for driven
piles is limited to 4,500 kN (500 tons) to keep the ultimate capacity within the range of
applicability of the dynamic formula in Section 6-05 of WSDOT's Standard Specifications.

Allowable values can be determined by applying a factor of safety to the capacities given in
Figures 4-3 through 4-6. Table 4-4 provides recommended factors of safety for design. As
shown in this table, the factor of safety should be selected on the basis of the type of field
monitoring that is done before or during pile or shaft installation. It is understood that
WSDOT normally will monitor pile drivability or shaft construction; however, if test piles
are driven or a static load test were performed, lower factors of safety would be
appropriate.

Table 4-4, Recommended Factors of Safety at N-E Ramp

Field Confirmation Driven Piles Crilled Shafts
Compressive Uplift Loading Compressive Uplift Loading
Loading Leoading

None 3 3 4 . ' 4

Standard WSDOT 25 1.5 2.5 1.5

Test Piles/PDA 2.25 1.4 - -

Static Load Test 2.0 1.3 2.0 1.3

Minimum and maximum pile or shaft toe elevations should be used with Figures 4-3
through 4-6 to assure development of the required capacities and to limit settlements. Table
4-5 provides a summary of the minimum and maximum toe elevations for the bearing
layers. These elevations were established (1) to avoid locating the toe of the driven pile or
drilled shaft in what was thought to be a more compressible material (e.g., Layer 2), (2) to
locate the toe of the shaft or driven pile below the maximum anticipated depth of
liquefaction, and (3) in the case of drilled shafts to limit construction to depths that WSDOT
believes can be achieved without great risk of problems. Layers that should not be used for
end bearing due to soil type or liquefaction potential are identified with "NA", meaning not
appropriate. For any layer, a four-pile group founded between the minimum and
maximum toe elevations is expected to develop the capacities given in Figure 4-3 through 4~
6 with settlements under service loading of less than 25 mm (1 in).
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Table 4-5. Summary of Minimum and Maximum Toe Elevations at N-E Ramp

Layer Number Driven Piles Drilled Shafts
Minimum Elev. Maximum Elev. Minimum Eleﬁ. Maximum Elev. {m)
{m) (m) {m)

1 NA NA NA NA

2 NA NA NA NA

3 12 2 12 3

4 -3 NR* -3 -10

* Not Restricted

Lateral Capacity: Soil properties that should be used for non-seismic lateral pile capacity
analyses are summarized in the LPILE/COM624 forms given in Table 4-6. The elevation of
the top of the first layer should be the bottom of the pile cap for driven piles or 1.5 m (5 ft)

below the ground surface at the shaft location.

Table 4-6. LPILE/COM624 Parameters for Service Loading at N-E Ramp

Layer |Type |Layer Elevation Effective Unit - |Cohesion Friction |Coefficient . of Soil
No. of Soil Weight Angle |Subgrade. Reaction |Type
=1 [Upper —~Trower R R—
(m) |t [(m) |(f) [(kN/m?) {pcf) (kPa) |(psfy |(degr.) |{MN/m®) [(pci)
1a Sand |- - 18 1860 (19.6 125 - |0 0 33 24 90 4
ib Sand |18 |60 [15 (49 [9.8 63 o o 30 9 35 4
2 Silt 15 |49 [12 (39 |[8.3 53 0 o 30 g 35 4
3 Sand (12 [39 |0 [0 |9.1 58 0 0 33 16 160 4
w/
gravel
4 |8and |0 |0 [-13 |-43 |81 |58 0 0 30 9 35 4
w/
silt &
gravel
6 Sandy [-13 |-43 |- - 106 |67 0 0 35 23 85 4
Gravel

Group reduction factors should be applied if driven piles have spacing ratios of less than
five diameters. The group reduction factors given in the following table were developed

from Brown and Bollmann (1996). These values apply to the average stiffness of the pile

group.
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Table 4-7. Group Efficiency Factors for Driven Piles at N-E Ramp

Row Spacing 3-Pile Group 4-Pile Group 6-Pile Group
3 diameters 0.75 (.65 0.60
4 diameters 0.90 0.85 0.80
5 diameters 1.0 1.0 0.95

Driven Piles and Drilled Shafts -- Seismic Loading

Figures 4-7 through 4-10 present capacity versus depth plots for each pile and shaft size for
seismic loading. These plots can be used with seismic loads to confirm that adequate axial
capacity still exists when liquefaction occurs in the upper two soil layers. In view of the
conservative approach used in considering liquefaction for the axial capacity
determinations, factors of safety of 1.0 and 1.3 should be adequate for driven piles and
drilled shafts, respectively, during a seismic event. In view of the high liquefaction
potential in the lower portion of Layers 1 and all of Layer 2, a minimum toe elevation is
established at elevation 12 m (40 ft).

The pile or shaft foundation system could settle during the seismic event. This settlement is
expected to result from two sources: (1) the added pile or shaft loads resulting from the
inertial response of the structure; and (2) densification of the upper portions of Layer 4.
Settle from added bridge loads is expected to be small. Settlement from the densification of
loose materials in the upper portion of Layer 4 could result in up to 50 mm (2 in) of
settlement within Layer 4. Driven piles or drilled shafts founded above Layer 4 could
settlement this amount. Similar amounts of settlement would also be expected to occur at
the approach fills. If the driven piles or drilled shafts are founded in Layer 5, then
settlement of the interior piers could occur due to drag loads as loose s0ils densify;
however, this settlement is expected to be small. Settlernent would still occur at the
approach fills, resulting in differential movements between Pier 1 and Pier 2 and between
Pier 3 and Pier 4. The amount of this differential movement could be as much as 50 mm 2
in).

Soil properties that should be used for lateral pile capacity analyses during seismic loading
are summarized in Table 4-8. Group adjustment factors discussed above for static loading
should be applied. Inasmuch as the phasing between liquefaction and maximum inertial
forces on the bridge structure is difficult to predict, it is recommended that seismic analyses
include lateral capacity evaluations for two cases: (1) a nonliquefied case, which is
equivalent to the static case (Tables 4-6), and (2) the seismic case given below. Design
should be based on the more critical of the two.
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Table 4-8. LPILE/COMG24 Parameters for Seismic Loading at N-E Ramp

Layer |[Type |Layer Elevation Effective Unit  |Cohesion Friction |Coefficient of Soil
No. of Soil Weight Angle Subgrade Reaction|Type
Upper Lower
(m) [(ft) |(m) |(ft) [(N/m®) ((pcf) [(kPa)  |(psf) |(degr)  [(MN/m®}|(pci)
1a Sand |- . 18 |60 |19.6 125 |0 c 33 24 20 4
1b Sand |18 |60 {15 (49 9.8 63 12~ 250 |- - - 1
2 Silt 15 [49 [12 |39 |91 53 ¢ 0 21 5 18 4
3 Sand (12 |39 |0 |0 |9.8 63 C o 33 16 60 4
wf
gravel
4 Sand |0 |0 |13 [-43 |9.1 58 0 0] 30 9 35 4
w/ silt :
&
gravel
5 Sandy |-13 |-43 |- - 10.5 67 0 0 35 23 85 |4
Gravel

... 2Note: For Layer 1b, assume g., = 0.02 mm/mm.

Abutment Footings

The abutment footing should be designed for an allowable bearing pressure of 290 kPa (3
tsf). With this loading the settlements are expected to be less than 25 mm (1 in). Roughly
half of the settlements is expected to occur during construction of the footing and abutment
wall. For seismic loading (i.e., Load Case 7) the allowable pressure on the abutment footing
can be increased by a factor of 2.

Shear modulus, material damping, and Poisson’s ratio properties given in Table 4-9 are
recommended for determining stiffness values for seismic design. These properties were
developed using a shear wave velocity of 250 mps (820 fps), which results in a low-strain
shear modulus of approximately 120 MPa (2,500 ksf).

Table 4-8. Dynamic Soil Properties for Abutment Footing at N-E Ramp

Mode of Vibration - | Shearing Strain = 0.02% Shearing Strain = 0.2%
Shear Modulus - | 80 MPa (1,700 ksf) 30 MPa (630 ksf)
Material Damping 5% 12%

Poisson’s Ratio 0.35 0.35

In the event that future design studies determine that strip footings cannot be used, because
of the available room or for whatever other reason, it would be possible to use drilled shafts
or driven piles to support the abutment wall. Axial and lateral capacity information
presented in this chapter for the closest pier can be used for drilled shaft and driven pile
designs at the abutment should a spread footing not be feasible.
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Embankment Slopes

The side slopes in the widened area should not exceed 2.5H;1V, which is the maximum
existing side slope. End slopes should not exceed 2H:1V, which is also the existing slope
steepness. For these slope angles the factor of safety for static loading will be greater than
1.5. _

During a design seismic event, deformations of the end slopes and side slopes could occur.
The amount of deformation is estimated to be less than 0.3 m (1 foot). Deformations at the
end slope could impose loads on the foundations for the columns. These loads would be
imposed on the existing foundations, as well as the foundations for the widening project. In
the event that at some future date a seismic retrofit is performed for the widened bridge, the
retrofit should consider the potential effects of these additional loads on the foundation
system. These effects could be evaluated by conducting lateral analyses of pile or shaft
foundations with an imposed load from the moving soil. If the level of deformations cannot
be tolerated, various ground improvement methods could be considered as part of the
overall retrofit program.

Construction

Construction of the foundations for the widening project requires consideration ofa =™
number of issues related to both quality control and construction methods. A number of
these issues specific to this project site are summarized below. In most cases the contractor
should be made aware of these issues or requirements at the time of bidding.

Driven Piles

The primary construction issues and requirements associated with the use of driven piles
are as follows: ' '

» The potential for wood and cobbles exists throughout the soil profile, and particularly in
Layers 3 to 4. While these conditions were not widespread, sufficient cases were noted
during the drilling of test holes to warrant consideration during the contracting of pile
installation. Pile driving contractors should be advised of this possibility within the
special provisions.

¢ Inrecognition of the uncertainties of axial pile capacity, test piles should be instailed
prior to establishing pile order lengths. These test piles should be of the same size and
should be driven with the same equipment as will be used during construction. The
recommended numbers and locations of the test piles are given in the following table.

Table 4-10. Recommended Test Pile Program at N-E Ramp

Bridge Pier Number Number of Tests
N-E Ramp 2 1
' 3 1

» Groundwater could be located within 1.5 to 3 m (5 to 10 ft) of the ground surface.
Depending on the location of the bottom of the pile cap, excavations below the ground
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water elevation could be required. The permeability of Layer 1, in which the pile cap
would likely be located, is expected to be high. With this high permeability, it would be
essential for the contractor to have identified procedures for handling excess water in
the excavation. If winter construction is anticipated, seals may be required to control
water. If summer construction occurs, dewatering systems may be sufficient to control

- water.

* Site access will be very restricted for the northern of the two piers at this bridge. Tt will
likely require lane closures and, possibly, rerouting of traffic.

Drilled Shafts

The primary construction issues and requirements for drilled shaft will be as follows:

» The water table is very high for the site. This will necessitate the use of steel casing
from the ground surface to the maximum depth of construction. Itis critical that the
casing be removed during placement of concrete, as friction values used for shaft
capacity design are based on a soil-concrete interface and not a soil-steel interface. If the
casing cannot be removed, shaft side resistance could decrease by as much as 50
percent.

» Shaft lengths could be up to 30 m (100 ft) in length to meet fixity requirements during

---——seismic events. Forthese lengths quality control during placement of concrete will be

critical. Realizing the potential consequences of poor quality control, WSDOT should
plan to conduct sonic crosshole logging in each shaft following construction.

* Site access will be very restricted for the northern of the two piers at this bridge. It will
likely require lane closures and, possibly, rerouting of traffic.

Abutment Footing

The primary issues related to the construction of the abutment footing are as follows:

* Itwill likely be necessary to use sheet piling to support the existing abutment fill during
excavation for and construction of the new footing. The depth of excavation for the
footing will be 3 to 4 m ( 10 to 13 ft), if the footing is similar in size to the existing footing
(i.e, 1.5 m; 5 ft). However, if a wider footing is needed to meet slope-setback
requirements, deeper excavations may be required.

* Inthe event that the new footing is located below the existing footing, special care will
be required to avoid loss of footing support for the existing footing during construction.
Sheet piling or other support methods are available to provide this support. However,
it should be made clear in the special provisions that support of the existing footing
must be maintained. It would be desirable to survey the location of the abutment wall
before construction to be able to quantify any movement that does occur.

* Considering the potential for layers of siltier materials at the base of the planned footing
excavation, the footing excavation should be carried to at least 0.3 m (1 ft) below the
planned base of the footing. Crushed ballast should be compacted to the base of the
footing to assure good drainage and high base friction.
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Abutment Slopes

The primary construction issues and requirements related to the abutment slopes are as
follows:

* The new side slope fill should be keyed into the existing fill by cutting benches into the
existing embankment, as specified in WSDOT’s standard specifications.

¢ Concrete slope protection matching the existing slope protection should be used to
prevent ravelling of embankment materials beneath the bridge.
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Project: SR-167, CS 1765/6, OL-2305
Drilling Method & Equipment: CME 45 Skid Rig, Wash Rotary w/ 100 mm Casing

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor:  WSDOT

Logger: M. Xue/CivilTech

Sample Soil Description Comments
Standard
E E Pe”_l‘_a"ﬁﬁo" Soil name, uscs group symbol, color, Depth of casing, drilling
ﬁ “;,' _ o 2 5 Re:s[ts moisture content, reiative density or rate, drilling fluid loss, tests
£ & g 8= 2 consistency, soil structure, mineralogy and instrumentation
25| 8 |52 §p[oee
0w E IZgckt (N)
Elevation: 28 m (NAVDS88) Location: Sta. 6+53m; Offset 8.5m R of GL Test Hole H-1-97
Start: 12/01/1997 Finish: 12/02/1897 Water Lavel: ~20 m
. Shest of 1of2
] _|Start drilling @ 1:45 pm
| _|on 12/01/97 with wash |
| _|rotary |
50 [45-|81 | 06 2-6-6 |SANDY SILT, (ML), brown, very moist, _- Gravels rounded __
| 8.0 stiff, with some gravel and roots (FILL}) | ' |
_ _|Driller notes gravels and ]
| _|cobbes during-driliing |
10.0 | 985- |82/ 02| 8-10-23 |SANDY SILT, (ML}, similar __|1.5" gravel stuck in shoe |
1 11.0 to §-1, grading to more gravels and very | i
| stiff (FILL) | 1
] _|Driller notes scattered ]
16.0 |145- 83| 1.1 7-8-8 |SAND., (SP}, medium, brown, very moist, |cobbles N
| 16.0 medium dense, trace of gravel (FILL) |
] | Driller notes scattered |
20.0 |19.5-| S-4 | 0.8 | 13-7-12 SILTY SAND, (SM), fine to medium, _ |Cobbles. Slow drilling at 19" |
| 21.0 mottled brown to gray, very moist, _|through cobbles |
] medium dense, some rounded gravel, ]
i {FILL) _|Driller notes more gravels
i _|and cobbles |
250 |245-| 85| 0.1 8-19-14 |SILTY SAND, (8M), similar to S-4, grading |
| 26.0 to dense (FILL) _|Stop driling @ 4:40 pm B
| _|Resume drilling @ 8:50 am _
| [12/02/97. Water 5' below |
B _|ground prior to drilling
30.0 |29.5-| 5-6 | 0.8 | 11-25-24 |SILTY SANDY GRAVEL, (GM/GFP), dark _ | N
1310 brown, wet, dense, rounded gravelto 1.5" | |
| (FILL) |
35.0 [84.5-!S-7| 0.6 | 8-8-19 |GRAVELLY SAND,(SP), medium, dark |
NOTES: ‘
1} Test hole locate on south abutment approximately 10' east and 4.8’ south of southeast corner of bridge
2} All blowcounts recorded with WSDOT automatic hammer
3) Water encountered in test hole at approximate elevation 20 on 12/03/97.
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-1.xls
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Project: SR-167, CS 1765/6, OL-2305
Drilling Method & Equipment. CME 45 Skid Rig, Wash Rotary w/ 100 mm Casing

kN

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor:  WSDOT

Logger: M. Xue/CivilTech

Sample Soil Description Comments
= Standard
S I Penetration | 54l name, uscs group symbol, color, Depth of casing, drilling
T = Test . . . o .
m o e g % Resuts | MOisture content, relative density or rate, drilling fluid loss, tests
£ S g 3 = 2 consistency, soil structure, mineralogy and instrumentation
% E 9 g - 8 F"‘ 6“'6"'6"
amn | £ Z&|lcl (N)
Location:  Sta. 6+53m; Offset 8.5 R of CL Test Hole H-1-97
Start: 12/01/1997 Finish: 12/02/1997 Water Level:
Sheet 2 of 2
| 36.0 gray, wet, medium dense, some silt (FILL) | |
| | Driller notes easier drilling at |
] _|38.5', A
40.0 |39.5- S8 | 08 2-5-6 |SANDY SILT, (ML), dark gray, very moist, | |
| 41.0 very fine sand layer (3"), traces organics ]
| and gravel, stiff | |
] END OF SOIL TEST HOLE AT 41.0 FEET | Stopped drilling at10:50 am |
45.0 | : __|lon 12/02/97 |
50.0 | ] ]
55.0 | N ]
60.0 | N |
650 _ N N
700 | | |
NOTES:
Installed piezometer. Total length = 40.5'. Bottom 2' solid casing (1"). &' of screen with 1/32" slot at 1/4"
spacing. Sand pack located in bottome 8.5". Top 31.5' of piezometer 1" solid pve casing. Top 30' backfille
with bentonite. Locking cap located at the ground surface.
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WEDOCTBH-1.xls
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Project: SR-167, CS 1765/6, OL-2305

Proj. No.:116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Drilling Method & Egquipment: Longyear BK-80 Truck Mounted Rig

Logger: R. Devulapally/Terra

approach fill

1) Test hole located below N-E Ramp bridge &' east of bridge and 6' north of pavement next to north

2} All blowcounts obtained with WSDOT automatic hammer
3) Water encountered in test hole at approximate elevation 19.5m on 12/03/97.

Sample Soil Description Comments
= Standard
oI Penetration | 54| name, uscs group symbol, color, Depth of casing, drilling
T — Test . . . s .
0 o _ e g g mesults | Moisture content, relative density or . rate, drilling fluid loss, tests
£ & g 22 2 consistency, soil structure, mineralogy and instrumentation
€| 5 S \Bp[wee
o om E Z2gizt (M)
Elevation: 21m (NAVDB88) Location: Sta. 7+21m; Offset 7.0m R of CL Test Hole H-2-97
Start: 12/01/97 Finish: 12/03/97 ' Water Level: Not Measured
Sheet 1of 4
R _|Start drilling at 11:00 am
i _|on 12/01/97. Wash rotary
| | Driller notes hard drilling
50 | 4.0-|81| 07| 3-4-18 |SAND TO SILTY SAND, (SP/SM), fine, between 2 and 5 feet
| 55 gray to black, medium dense, some silt |
] and gravel |
10.0 __ 9.0-| 82| 04 6-5-6 |GRAVEL (GP/GM), gray to black, loose, | __
| 10.5 some sand and silt |
: : Driller notes loss of water :
15.0 |14.0-| 83| 0.8 | 5-5-8 |SAND TO SILTY SAND, (SP/SM), fine, _ |Top 0.4’ siltier B
| 165 black, medium dense, |
20.0 |19.0-| S4 | 14 6-7-9 |SAND, (SP), fine, black, medium dense, _ | N
| 20.5 some silt |
250 |240-| S5 | 1.5 | 3-4-4 [SILTY CLAY TO CLAYEY SILT, (ML/CL), _{Pocket pen = 0.25 tsf) )
1255 black, loose, trace of sand 1
30.0 |29.0-| 56| 0.9 | 998 |SANDAND GRAVEL, (SP/GP), black, _|Attempted Shelby tube at _|
| 30.5 medium dense, rounded gravel |29'. Encountered sand. No |
h _|recovery i
350 (34.0-| 87! 1.0 | 56-13 |SAND, (SP), black, medium dense, some | |
NOTES:

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-2.xIs
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Project: SR-167, CS 1765/6, OL-2305

Broj. No116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: R. Devulapaily/Terra

Sample Scil Description Comments
= Standard
oI Penetration | 54| name, uscs group symbol, color, Depth of casing, drilling
T — Test : . . . -
m o =2 g Results | MOIStUre content, relative density or rate, drilling fluid loss, tests
S 8 g 3 =3 consistency, soil structure, mineralogy and instrumentation
5E | 5 |Eoi3p eew
aMm £ |Zg|xl: (N)
Elevation: 21m (NAVDS8) Location: Sta. 7+21m; Offset 7.0m R of GL Test Hole H-2-97
Start: 12/01/97 Finish: 12/03/97 Water Level: Not Measured
Sheet 2 of 4
| 355 gravel | |
: :Switched to 3' casing with
R _iwash rotary due to gravel
40.0 139.0-| -8 | 0.6 | 23-14-26 |SAND AND GRAVEL, (SP/GP), black, ]
| 405 dense, some silt i 1
] _|100% loss of return water
450 |440-|S9| 06| 656 |SANDAND GRAVEL, (SP/GP), black, | N
| 455 medium dense ]
i _|Stop drilling at 4:00 pm |
i _|Resume drilling at 8:00 am |
| _|on 12/02/97. Augered hole |
50.0 }48.0-|S8-10| 15 5-9-24 |SILTY SAND TO SANDY GRAVEL, (SP/ _|with 4 1/4" HSA. Waterat |
| 505 SM/GPF}), black, dense |27 ' |
| - |void at 51-52 ]
55.0 __ 54.0-| 511! 0.6 | 14-12-16 |SANDY GRAVEL, (GP), black, medium __ Heave in augers (~3') at |
| 555 dense, some silt _|about 54'. Washing out sand |
B _|Seated S-11 by &" |
60.0 ; 59.0-|5-12| 1.1 | 5-13-12 [SAND, (8P), black, medium dense, with *: Seated S-12 by 6" ;
| B0.5 gravel and trace of silt | -
65.0 ; 64.0 - 5-13] 1.2 5-5-6 |SANDY SILT, (ML}, black, medium dense,r: Heave in augers, Washed ]
| 855 trace of wood pieces and organics. _|out. 1
| _|Switched to 3" casing with |
70.0 69.0-|5-14| 156 2-3-12 |SILT (ML), black, medium dense, with wash rotary
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-2.xls
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Project: SR-167, CS 1765/8, OL-2305
Drilling Method & Equipment: Longyear

Proj. No.:116184.G4 _

SOIL TEST HOL

E LOG

Drilling Contractor: WSDOT
BK-80 Truck Mounted Rig

Logger: R. Devulapally/Terra

Sample Soil Description Comments
= Standard
ok Penetration | 54l name, uscs group symbol, color, Depth of casing, drilling
o — Test . . . - :
o o -8 Resulte |MMOisture content, relative density or rate, drilling fluid loss, tests
= e g 2 = % consistency, soll structure, mineralogy and instrumentation
g. .g ..u—.) g o 8 E 6"'6“'6"
oM | E |Z28| 0k (N)
Elevation: 21m (NAVD88) Location: Sta. 7+21m; Offset 7.0m R of CL Test Hole H-2-97
Start: 12/01/97 'Finish: 12/03/97 Water Level: Not Measured
' Sheet 3 of 4
| 70.5 some clay, wood fragments _|Pocket pen = 0.75 tsf, sand |
at70'to 70.5'
1 - 1
75.0 |74.0-|S-15| 0.8 | 3-5-3 |SANDY SILT, (ML), black, loose, trace of _| O
1 755 gravel, some wood fragments | i
80.0 |79.0-|s-16| 1.2 | 2-5-15 |SANDY SILT, (ML), black, medium dense, | N
| 80.5 some gravel, some wood fragments | |
] fragments i _l
] _|Stop drilling at 3:15 pm |
] _|Water at 5' below ground |
85.0 |84.0-1817| 1.5 2-1-5 |SILTY SAND, {SM), black, loose, some _ |surface at start of drilling
1 855 gravel - _jon 12/03/97 |
90.0 189.0-|8-18| 1.5 | 3-5-5 |SILTY SAND, (SM), black, locse, some | ]
| 90.5 gravel | |
95.0 |94.0-|S-19| 1.5 | 1-3-3 |SILTY SAND, (SM), black, loose, some | _
| 955 gravel _ |
100.0 _: 99.0-15-20| 0.5 4-4-4  |SILTY SAND, (SM), black, loose, trace | ;
| 100.5 of gravel i i
105.0 |104.04S-21| 0.5 4-5-3 |SILTY SAND, (S5M), black, loose, with B

NOTES:

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-2.xls
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Project: SR-167, CS 1765/6, OL-2305
Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

[Prol No.-116164.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Logger: R. Devulapally/Terra

140.0 |

1205

some grave|

END OF SOIL TEST HOLE AT 120.5 FEE'Ii

“on 12/03/97

Sample Soil Description Comments
= Standard
in Penefration {54l name, uscs group symbol, color, Depth of casing, drilling
T — Test . . . L .
0 o =g Results | MOIsture content, relative density or rate, drilling fluid loss, tests
£ 8 g 2 = % consistency, soil structure, mineralogy and instrumentation
SRR e
0w E |Zag|lxt ()
Elevation: 21m (NAVDS&8) Location: Sta. 7+21m; Offset 7.0m R of CL Test Hole H-2-97
Start: 12/01/97 Finish: 12/03/97 Water Level: Not Measured
Sheet 4 of 4
]105.5 trace of gravel ] |
110.0 ]109.0{s22| 0.2 | 3-47 |[SILTY SAND, (SM), black, medium dense, | ]
|110.5 some gravel | ]
115.0 [114.04S-23| 0.2 | 11-10-8 [SILTY SAND, (SM), black, medium dense, | N
1155 with some gravel ] ]
120.0 [119.0{S-24| 1.5 | 8-13-7 |SILTY SAND, (SM), black, medium dense, | ]

Stopped drilling at 3:00 pm

NOTES:

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-2.xls
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Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Project: SR167, CS 1765/8, OL-2305

Drilling Gontractor: WSDOT

Drilling Method & Equipment: CME 45 Skid Rig, Wash Rotary w/ 100 mm Casing

Logger: M. Xue/CivilTech

Sample Soil Description Comments
Standard
3 E Pe"_?t’iﬁ‘m Soil name, uscs group symbol, color, Depth of casing, drilling
- _ . 2 % R ezjlts moisture content, relative density or rate, drilling fluid loss, tests
£ 8 g 22 2 consistency, soil structure, mineralogy and instrumentation
5t | 8 |Se|§p[ ooe
0o E |Z2c|ct (N)
Elevation: 28m (NAVDS88) Location: Sta. 7+47m, Offset 6.4m R of CL Test Hole H-3-97
Start: 12/02/97 Finish: 12/03/97 Water Level: Not Measured
Sheet 1 of2
| _|Started drilling at 3:23 pm
] |on 12/02/97 |
] “|Driller notes trace of cobbles |
50 |46-|81]| 08 5-7-7 |SILTY SAND, (SP/SM), fine to medium, |
6.0 dark brown, moist, medium dense, some | |
| silt and subrounded gravel (FILL) 1 : |
| _|Slow drilling due to cobbles |
100 | 95-| 82| 1.0 | 699 |SANDTO SILTY SAND, (SP/SM), ] 1
| 11.0 medium, dark brown, moist, medium _|Stopped at 4:20 pm i
R dense, some silt and gravel (FILL) _|Resumed drilling at 8:50 am |
R _|on 12/3/1997 |
15.0 |14.5-| S-3 | 0.0 | 10-10-9 |NO RECOVERY, driller noted the same | |
| 16.0 material as above (FILL) | ]
20.0 ; 18.5-| S-4 | 0.5 |9-10-11-10|SANDY SILTY GRAVEL, (GP/GM), fine __ Sampler driven 24" for |
| 21.5 to coarse gravel, brown, very moist, _|recovery. ]
i medium dense, subrounded (FILL) | 1
25.0 ; 245-| 85 | 1.1 |16-30-21- |SILTY SAND AND GRAVEL, (SM/GM), _ |Sampler driven 24" for ]
| 26.5 18 fine to coarse sand and gravel, mottled  |recovery |
| brown gray and orange, moist to wet, A |
| dense to very dense, subrounded to | |
angular gravel (FILL) i |
30.0 _" 285 | S-6 1 08 50/2" |SANDY GRAVEL, (GP), fine to coarse,  |High blowcount was inthe
| 31.0 183/121/ |angular, gray, very moist to wet, very dense |first 6". Sampler driven 18" to
i 96) some silt (FILL) _|retrieve sample. ]
350 |345-| 87| 0.4 | 8-7-10 |SANDY GRAVEL, (GP), coarse sand, fine Changed to HQ wireline
NOTES:
1) Test hole locate on north abutment approximately 7' east and 5' north of northeast corner of bridge.
2) All blowcounts obtained with WSDOT automatic hammer
3) Water not measured. Water in test hole from rotary wash drilling method.
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-3.xls
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Project: SR167, CS 1765/6, OL-2305
Drilling Method & Eqguipment: CME 45 Skid Rig, Wash Rotary w/ 100 mm Casing .

Ll

Proj. No.: 116184.G4 _

SOIL TEST HOL

E LOG

Drilling Contractor: WSDOT

Logger: M. Xue/CivilTech

Sample Soil Description Comments
. Standard
ek Pe”?"i‘“’” Soil name, uscs group symbol, color, Depth of casing, drilling
D o T He:slts moisture content, relative density or rate, drilling fluid loss, tests
c g g bl % consistency, soil structure, mineralogy and instrumentation
85 | g |E2 gp| oo
awm £ Z g | — {N)
Elevation: 28m (NAVDS8) Location: Sta. 7+47m, Offset 6.4m R of CL Test Hole H-3-97
Start: 12/02/97 Finish: 12/03/97 " |Water Level: Not Measured
Sheet 2 0of 2
| 355 to coarse gravel, dark gray, wet, medium | i
] dense, subrounded to angular gravel, i
| traces of silt (FILL) _|Driller notes cobbles at |
37
400 |39.0-| S-8 | 1.1 | &8-12 [SILT, (ML), fine, dark gray, very moist, 3" thick sand layer at bottom_|
| 405 stiff, with fine sand and trace of gravel _jof sampler |
: END OF SOIL TEST HOLE AT 40.5 FEET:Stopped drilling at 2:40 pm
i _|on 12/03/87 i
450 | | ]
500 N ’
55.0 | O B
60.0 _| Bl _
65.0 | ] _
75.0 i |
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-3.xls
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PARTICLE SIZE DISTRIBUTION TEST REPORT
4 v
g £ 8% e3 88 . 0z g ¢ 8 £Z2F
100 T _ '
€0 > %’-_...
s
; N
&0 4
N \
n
70 > \
6 o LN \
Z : N N \
[T H Ny
= N
= 50
& ST N
% 40 in \ \t
N ;
[*N \ \\ '!\3
30 :
= M
20 \
10 S~
Q H1E
200 00 10 1 0.1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY uUscs AASHTO PL LL
o] 10.6 56.7 SM
a 34.6 58.6 SP-5M
A 48.4 SM
SIEVE PERCENT FINER SIEVE PERCENT FINER SOIL DESCRIPTION
ins?;:s o o m.asrlnz:er o n A O Silty sand (SM)
IR R A A
X . . . K . Poori ed send with siit and 1
75 804 | 87 | 867 B0 | 380 | 402 | 46 ||Tceey e mmmtene
.5 294 817 82.1 #40 78.2 26.2 45.7
375 89.4 77.1 78.8 ##1#28 ggg lﬁg %gg A Silty send with gravel (SM)
#200 327 6.8 23.2
GRAIN SIZE REMARKS:
Dgo 0.262 3.48 140 >
Dap 0.506 0.140
O4p 0.136 o
COEFFICIENTS
Ce 0.54 4
Cy 25.59
© Source: H-2 Sample No.: 3-8 Elev./Depth: 15-16 £t
O Source: H-2 Sample No.: 10-8 Flev./Depth: 50-51 fi
A Source: H-2 Sample No.: 17-8 Elev./[Depth: 85-86 i
Client: CH2M Hill
ject: tec i
SOIL TECHNOLOGY, INC, | et WSDOT n cal Gelech Serviss
Project Na.: J-1118 _ Plata 1
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‘CH2M Hill WSDOT On Call Geotech Services

116184.G4.03

Percent Passing U.S. Sieve #200

Table 1
Boring Number Sample Number Depth Percent Passing
() 75 micron

H-1 SPT-3 14.5-16.0 26
H2 i-S 5.0-6.0 9

H-2 4-5 20,0-21.9 34
H2 5-$ 25.0-26.0 68
H-3 SPT-2 9.5-11.0 24
H-3 SPT-8 39,0-40.0 50

Soil Technology, Inc.
J-1118
Page 1
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SON \\\\ DEC. B3 TRIN MR, WAL, RS e BEAR e o
~ m%\ OO Toe of sinoe / A WAk vo2iit3) 120 o
- ~ .
—— - . . ~ i N
- N N \\\ s - . GENERAL NOTES
f~--mj;,:;::'_r---- NN |
""-..‘ \ ) 3 e All mailerial and work shall bain accordance with the régui~emends
- ~a : ' ~ , " of the Blole of Washingfon, relrrrems of Highwayd, S Panda

Specifications for Rood and ar-,f‘dx Conatruction, dafed /94s.

#00Ving wlevations are suliact vo change depending wpan foundadion
material encouwnteed. Reinforcing 3veel For vhe foo irngs, columns
walje shall not be cuf undil Firal Fng e/evations have been
datermined i fhe Frald.

The Corrcrate i vhe foolings of alf plers and e walls of Prars
No, J and & . sholl ba Class 8 mix. AX ofher caslin place corcretfe stholl
ba Clan® AX rmin,

~alSework shall not be released i ong spar antif off concre re,
axcept that in fhe rail bose, fer bawn in place Fhe r'l,guz'ﬁoa’ rarighh
of fime ln’{:cu oeveloped sulticiant c:‘rw;’s'h os outlined 1 ¥hE
Soecifications. Falsework shell be carefully raleaned Yo prevent
impact or tndiue Slresses i P Shructura. The raitbase shallnol
be poured until vhe Falsgwork /as beer relecsed.

THE Mg xirrrsery SREiyry BOil Drasst per Bpcnrrw FOOr 78 Piree (8) Vors
For Lrara M. 78 €, | :

Each pile shall ba driven foa deolh sufticiant fo devalop o foos
baaring ¢ iy of Farly (44) fons,
& ofhernise shoven or Fha plens, Coricrers cover meesures
Ffrom fhe fuce of 1 conorele Ye 1he Face of any reinforcemeny bar shall
be 2°atf the fop of F/u roadwoy slap, I'al the bottorr of Yhe Riwy. slabt
Yor # bottern of botdorn slobs, 24 ak the botlom of footings ard Ff~
a¥t off other locations.

et ke o4

200°ve. o edtisosl Thrger?s)

-0.40%, % $¥ i i
Ba | Seerrercansrcn)
§n . ;’ Lightihg Bracket "7
P e .
by o5y i o

nearest rall Pogt 4

o APPROXIMATE QUANTITIES
i - . Sfruckiw Exoavelion Crass A. . S 52O CuYals
. " o™ - NP S A T S S ey gt 22
" N - - "2, ] . o L At LT
PROFIL P @ or Hare : | g Irrersectian of fill Sloes Driving Pinbar Piies (Craosorve Teated) 86 Oty -t
FOR RAMP SE Slee! Xaintorcrng Bors. 28,500 Lbs.
- S - Cancrefe C/ags 8. 120 Cu.Yolg,
T ‘}— Toe of Slope gmup.:‘;’:"rf ,;'l:' Mdh EWN O-Xin, 4'” gt binieg
. \. '= 2 m .
Al Prares on roatal lines. - ~ Warter Mmrnﬁdﬂ’ﬂi p ¢ Exf 3‘;;? %dl:g
CURVE DATA :
HAMP EWN  RAMP 85
A 2SR A8l 23v%0S00RY
R soo.o0 1300.00"
T 238.08 285,47
. L 45909 525.14°
] BL E3+6403, . 2/tEOAT
9 s o.orifkl o.05/mt
% |om & 728’ 2s
E § Eirse o (G} ttecane
1
&
l]; o 82,10 e
] Original Ground Lime : HS-20 OR
@A R F £ R EWN _ LOADING : 1 ——. s
' _L__-:.--"’"*“ ! TWO 24X AXLES ® 4 CTR'S.
rE.550
y
Ce sU Y L 7mbe pitency;
ELEVATION aall P Lot Piera) MP 12.77 TO MP 1473
Rrove slvtiions showr: are Phinh groder | SR 167
R Rarrye DWW £ ore agura! Yo Drefile gieae, . 15TH ST. S.W. TO W. MAIN ST. IN AUBURN
’ KiNG COUNTY
RAMP EWN OVERCROSSING
LAYOUT

o -
e o wwn Octobey 4., 1971
) ——— T wam |20 w70 wews

Er 7

i
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. F. 26,66 [Rev. 5-47)
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WASHlNGTO-N ' Original lo‘Malcrinl-s Engincer
! STATE HIGHWAY COMMISSION Copy to Drsihet pomeer -
DEPARTMENT OF HIGHWAYS Copy to
i | LOG OF TEST BORING
. _SH S.R.167 Section_West Auburn Interchange Job No.1-3598
lole No.__ H-1 Sub Section Ramp A over Crossing (A/E) Cont. Sec. _ +76501
ition.__2k+31 Offset 2! Left of ¢ Ground El. _64.0"
spe of Boring__Chop & Drive Casine 960" X 3" ' W.T. EL Note at end
ispector LeRoy R. Sampson Date_January 26, 1970 Sheet 1 of 5
Y prows PROFILE ToeAT e DESCRIPTION OF MATERIAL .
- e _
j C Ground surface subnerged beneath 26" of swamp water.
- C i .
U-1
_ PEAT - very soft, saburated, reddish brown, roots.
I R
iy and wood fragments scattered through.
- logs or wood'fr-agments possible through the
| L 4sta.
> I, | 18" per. || depth of this boring, (A log noted at 31'). ~
. 726 X 2 :
C 3___oh SILTY, FINE, SAND WITH SILT IENSES - Slightly
] r:Y Py .
B compact, dark gray sand, 6' &+ lenses of
| D U-3 )
4 E soft, grey, moist silt.
- 6  yStd. -
j 6 4 Pen,
10 13 7 L
b | ° A
¢
i A 4
B lyis
|
. 3 45td.
. an g [3) Pen.
! -2 7 6 i
L5 .
|
_f A A
¢ B |u-7 | rotted wood fragments 16' to 18'.
“i D
5 o
5 Std.
— ll , 6 Pen.
E 5 I8
0 14
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Sub Section_Ramp. A _Qver Crossing (A/E) Sheet o of

SAMPLE.

* DESCRIPTION OF MATERIAL

St PER FT. PROFILE TURE NOS.
P
j
i) : ;
{f A SANDY GRAVEL - Dense, gray, fine to coarse
| .
|
LJ sand and fine to coarse gravel
03 & 5td.
[l g2 RO | Pen.
L] Re | 9
25 RO < A trace of silt -
m
i : Logs and wood scattered through
= 20 4 Std. : .
. or 1.8 Pen.
LE =7 ikg 10
i iz L
{j :é SANDY GRAVEL - compact, gfay, fine to coarse
\ . .
30 sand., fine to coarse gravel znd wood.
f? std. | A log of about 12" diameter at 31'.
= 70 i Pen. ' .
30 11 A trace of silt
e £
L
-(—F -
35
)
|
- 20 4 Std.
_ nn 11 Pen.
o 11 | 12
B 6
- <§ SANDY GRAVEL - dense, gray, moist
. p. .
Ljho fine to coarse sand and fine to
r7 coarse gravel, a trace of silt.
L 16 4 Std. -
o 22 Pen.
~I‘. o2 %0 & i3 ‘
‘ l .
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Sub SectionRamp A _over Crossing (A/E) Sheet__3 of :

K pLows PROFILE ety - DESCRIPTION ©F MATERIAL
N 29 T Std.

98 J-I-,-l- Pen.
~ sh | 1k
I
|
50
—? .
| & gsta,
- _ 5 Pen.
— v 5 15
! L7 T :

}f SILTY, FINE SAND WITH SILT LENSES -
55 compact, moist, dark grey, fine sand
- with rotted wood scattered through.
| 5 4§ std. _
- 1 > 8 Pen. || scattered 6" + lenses of gray., moist silt.,
. = ] N6 | 16 ,
; 5 L FINE TO COARSE SAND - dense, dark gray,
| -
a trace of silt, (this stratum heaves)
5
50 (no ecirculation water loss)
E A
o E B U-17
| =2 2 Pen.
i ' RO | 18
PO o
55 g ORGANIC SILT - very soft, moist, black,
. ﬁ possibly logs of wood fragments.
| A4 ) .
- - B | uag SILTY, SANDY, GRAVEL - loose, gray, moist, 7 o
D

" | fine to coarse sand and fine to
]
’ n Y std. ||coarse gravel.
3 38 Pen.
70 7 B 20

L

e |

-
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Ramp A Over Crossing {A/E)

Shect L

Suly Section

{Hlolc No... Hz1 of
‘I.JH oy PROFILE TO8E oS, - DESCRIPTION OF MATERIAL
;_ 10
j {20 -“over |irive on coarse gravel or cobble
L ‘ :
N
Li
_(_T
| 4
75 -
i '
] 5 &stad.
s = 6 Pen.
: 1T 5 21
I | 2 5
F :
B
| 0  a5td.
i Pen.
; LT 22
B b
S -
i85
|
B 1o 4std.
18 D Pen.
» 2, 23
‘] 11,
190
N 18 4&std.
- ~Q 05 Pen.
- o 3 24
! 1L 7]
i
495
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[

Sub SCCﬁL.

Ramp A Over Crossing (A/E) 4

Sheet

5.

of

Lod
Hole No. B-1

BLOWS
PER F7.

PROFILE

SAMPLE,
TUBE NOE,

. DESCRIPTION OF MATERIAL

10 “* Std.

Pen.

13
h 8

15 =<

25

test boring stopped at 98'0"

o

L

1

B

surface water 23' over ground surface

water level with casing varies from

-7' to -12' below ground surface.
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4, F.'26.65 [Rev, 567 . ' )

| . WASHINGTON | S it Enge
§ P . STATE HIGHWAY COMMISSION ' Copy to District Engineer .
. | ) ' DEPARTMENT OF HIGHWAYS Copy to
\: o ' : - LOG OF TEST BORING : :
o sH SR.A6T _ Section West _Auburn Interchange Pier #3 Job No, __1~3598
Jole No.__H-k Sub Section Ram‘p A Over Crossing (A/E) Cant 555, 176501
.‘Ftion- A 23455 Offset L' I£ft of Line A Ground EJ, 62.5"
'ype of Boring Chop_and Drive Casing_66'0" X 3" W.T. EL 62.5
~spector__LeRoy R. Sampson DateFebruary 19, 1970 _ Sheet L of __3
Pt | BOWS | propie TOAMPLE Co DESCRIPTION OF MATERIAL i
= . A A -
L ' B| U-1 || TOP SOIL ~ Peat and Organic silt - very soft,
! i — - - _
i Lo brown, saturated small wood fragments
| 5 & 5td, | - .
] p by Pen. || scattered through. (2' of water over ground surface)
ME 2 2 ) . : ]

) 4 2 A Very fine sand - very loose, gray, wet

. ~
5 ~

|

. T |-B_|_U-3 | SILT WITH SAND LENSES - very soft. gra

F -~

J o 3"+ lenses of derk gray, fine sand.

i Std. -

! c X 2 Pen, 4 FINE SAND - Slightly compact, dark gray. damp.

k v N It _ '

10 q .5',- 3"+ lenses of gray silt.

] B F. . . .

C | U-5 | Logs or wood fragments possible through
IR 4 g Std. | the depth of this boring.
8 —Peri. : R

| 19 nll

e 1l

L

_ : 6 A Std. : .

an { B Pen, | SILT - Soft, gray, moist, siall pieces of -

TS 4 R 7 : Lo

) s y_ brown peat scattered through.

- C U-B

| [

0 <

B



. 26.86-A [Rev. 5-67)
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|r
1

—

L _ o o
“ple, No. H-b Sub Section Remp A Over Crossing (A/E) Sheet_ 2 of
cPTH | plows | erorne ey " DESCRIPTION OF MATERIAL
““ % L 4h Std. .
Pen. ||FINE SAND - Slightly compmct to compact
——1 B H::_-t 19 _ -
n « dark gray, demp.
J
|
25 b 4 SANDY GRAVEL - Compscht to dense, gray, -
{ E fine to coarée sand and fine to-
b3 & Std, ' ‘ :
— ar .3 Pen. |[coarse gravel, s trace of silit.
'f =1 L 10 E e
,J éh " e o n
]
J .
30 \ —
!
B b2 4 std.
] an L6 Pen,
- TNIEE]
— L6 <¥
I
35
- P7 & Std.
- L RO | Pen.,
| e 8L 4 12
]
4o
ﬁ.w‘ : V .
| t&g A Std.
3 L 2 Pen.
1 < e

—

?
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,_/“' i —

I § : ( -
Hole No.. H-U Sub Section_Remp A Over Crossing (A/E) Sheet_3 - of
J‘TH . PRI FROFILE. TORE NOS. | * DESCRIPTION OF MATERIAL
ey 20 4 Std,
" 23 Pen.
- i 17 Lll,t
: 33
_50 .
“-j ‘. . N -—
B oL f5td,
. RO 15
[ Pg - h £ &
55 b4 FINE SANDY SILT - Slightly compact, gray, 5
] danp
J £ std. |
“ R Pen.
= D 16
—1 .
L LT
X SAND AND SILT - Tayered - gray, moist
50 FPWIEHTWood nd Heat scattered
j fhrough and alternate 1' 4. lavers
N iU—l’?’ Bt Aark-gray Fine said. wSIApHEly
, o - ) __ ct to dense sand.:
; | N IRR T i T
o] 29 i 1l |Pen. [TOESTposSible in this -stratum, .
[l A B I 2 eSS R —
L ol
J - ) . A.'J ‘ . . ) - o : o "..7-‘. !
o B |U-19 |STLTY, SANDY GRAVEL - Ioose to Siightly
: & fp_ R N
T! LOIE T compact,; gray, moist, fine %o toarse’
| B3 %‘td. . , . : ‘
aa : i en, lsand and fine to cosrse gravel
I 1 7 ] - ] ‘ =
1YO 4D fO test boriﬁgAstqpbed at _70rQ"
1.
b



T 26.66 {Rev. 5:67) ‘ - |
— ’ ] WASHINGTON

L ) STATE HIGHWAY COMMISSION
- DEPARTMENT OF HIGHWAYS

- - LOG OF TEST BORING

) SR.__ 67 Section West Auburn Interchange
fole No H-3 . Sub Section__B.Q;.I}p__A Overcrossing (A/E)
“tion A 2233  Pier No. 2 Offset 5" It, of A Line

_pe of Boring Chop and Drive Casing 3" x 68'6"
ispector.._TeBoy R. Sampson, E, Dpvall. Date_ February 11, 1970

Original to Materials Engineer
Copy to Bridge Engineer
Copy to District Engineer

Copy to

Job No. L=~ 3598

ol 356 76501
Ground El. 63.5!
W.T. EL 63,5

Sheet 1 of L

7 JH pLowS PROFILE TUE 1S, SRR DESCRIPTION OF MATERIAL .
l B Stdc . ) . - "
B - 11 Pen,| 1'0" of swamp water over ground surface,
B - 1 ' " ‘
‘ 1 | PEAT -~ Very soft, saturated, brown, small pieces

_{! . "

L of wood scattered through.

' X VERY FINE SANDY SIIT - Very soft; moist, gray.

i Lo . ’
| pieces of wood and peat scattered
j : I - through
YA 2] ren.
— l ’ I
J X L 2 FINE SAND -~ Slightly compact, dark grav.
| Logs or wood fragments possible
- . _through the depth of this boring.
| - 6 % std. : -

10 . . 7 Peno

7 ‘ ' 11

- 13« 3

x| | | SILT WITH SAND IENSES AND WOOD -
. . : S - Sllghtly compact brOWnish gray, moist 511t |
— 3= =t \
- 1 6 Pen.| with peat wood fragments and " X
] - 8 ‘
7 4 lenses of dark gray, fine sand
X scattered through.

j! ) : .

f ) FINE SAND - Compact, dark gray.




. o
o o s
Hole No.____H-3 Sub Section_Ramp A Overcrossing (A/E) : Sheet__2 ____of
H pows PROFILE ToRARLE, - DESCRIPTION OF MATERIAL
' 16 1 sta.
7 3 |5 ,
!
! X SANDY GRAVEL - Compact, dark gray, fine to
- : - || coarse sand and fine to coarse gravel,
| 57 % Std. - : _
- of 15 Pen, | probably water bearing.
11 ‘ '
7 e ) S
]
7 . .
| A trace of silt beginning at about
] 30. Y
;, _]L_v_
?
I | 17 fstd. | -,
- e 3 12 Pen, | SBANDY GRAVEL -~ Dense, gray, fine to cosrse
23~ L i T . i
B Sl L 8 sand and fine to coarse gravel with
B cobbles beginning st about. L7', & trace
- ; .
i of silt,
-
T 30 fs5td. -
- cq 132 Pen,
-~ 26 9
- 25 .




i

s

Sub Sgcﬁ(;ﬁ Ramp A Overcrossing (A/E)

fole No H-3 Sheet of
;J Bows PROFILE. et - DESCRIPTION OF MATERIAL
— : (Dynamite used at L4B8'6") N
e Std.
- 0a 42 Pen, | Cobbles beginning ab "47'. .
_ 7 50 ¢ 10 . '
{
J
| -
i
| 50 * 5td.
o 80 Pen.
RS 4o 11 .
% 35 ¥
E .
N =
7
| Lo mﬁ:ﬂ,ﬁnavelly;gray, slightly silty, trace
x 5T Ia. T . _
113k 13 | Pen. [brown peat
§ - 23 ¥ _
X —= \ -
{‘ SANDY GRAVEL - Dense s gray fine to coarse -
- sand, fine to coarse gravel scattered
{
| N cobbles, trace silt
. . 36 [std. .
7 69 33 Pen.
- ) ' . 33 v '
13
;
1st 6" Df1h past cobble
121 L Alternating thin layers,.silt fine sandy,
31 |Std. ) o '
7 an ) ) 10 Pelr:. sand, sandy gravel & silty sandy gravel
' ke ‘ 10 14 - . . '
) : X loose to slightly compact, gray, demp to wet
] [ ‘
-4 g |U-15

: ——



H-3 . sub Sectio Remp A Overcrossing (A/E) ( . Sheet

PROFILE s . - DESCRIPTION OF MATERIAL
3 -
4 Std.
b Pen.
" 6 4" 16

STOPPED TEST RORING AT 72'6"

P
Lo
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WY,
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Hole Ho.

vy,

_C_{ross

efoht

Met
. LELgh‘t

Tare

Ca_n
Husber

7 et

Weight

DTy
Yeight

Wei gi{'t: .
HoQ

% et

Dry

‘B20

"Density

. Deasity

798

34

70.84%

£7.70

i
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' WASHINGTON Original to Materials Engineer
v ’ Copy o Bridge Engincer
c STATE HIGHWAY COMMISSION Copy to District Engincer
B DEPARTMENT OF HIGHWAYS Cory to
B _ ' _ LOG OF TEST BORING -
| _sH SR._ 167 - Section_West Auburn Interchange, Pier #1 Job No. L-3598
hole No H.2 Sub Section Ramp A Overcrossing (A/E) Cont, Sec. 176501
Station A 21458 Offset 3' Rt. of ¢ EORESVEL 630
J ipe of Boring Chop and Drive Casing 101! x 3" W.T. EL 550"
Inspector leRoy R, Sampson Date_February 3, 1970 Sheet 1 of 5
:r IH prows PROFILE ToAMRLE m—:scmrrq.on OF MATERIAL .
— B - 1'6" of swamp water over ground surface.
[ D U-1 I
L PEAT - Very soft, saturated, brown.
{2 ) . : Co
Logs or wood fragments possible throuch
7 K z |
) | 1; 1/ 4 Std.| the depth of this boring,
= 7 18" 18" . Pen. - -~
— ) & 2 SILT WITH SAND IENSES -~ Very soft, gray .
L; silt with pockets of moist, brbwn. organic
s silt and 6" X lenses of fine, wet, derk
] Ap 1 : : ' -
C U=3 |l pray sand _
[ I D
= B : SILT - Soft. gray, moist.
— X |2 Std. -
. o (L Pen,
7 g R .
) X |6 . FINE SAND - Ioose to: le.ghtlLv compact wet,
. . .
37 ‘ U=-5 da.rk gray
|
- A 9. Pen.
- = iz ]
) 11 .6
B R 10 fTstd.f ] )
. e X g _Pen. | SIIT ~ Slightly compact (possibly soft), brownish
17 3 ~ , _ B
o - 18 E' 7 ray, moist, small pieces
o B ) .. '
- o U-8 || through
| X v SILTY, VERY FINE SAND - Slightly compact, wet, gray

.
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Ramp A Overcrossing (A/E)

Hole No H-2 Sub Section Sheet___ 2. of
™ pLows PROFILE. TORMRLE * DESCRIPTION OF MATERIAL
. ‘ U_9
) AB
! std. ,
1h ¥ 5 Pen. | SANDY GRAVEL - Dense, gray, wgt, fj.ne to
e 3 | . - .
: 18 coarse_sand and fine to coarse _
1 gravel, a trace of silt.
! 25 ¥ sta. ‘
- ~ 19 .
1 1}4, B 11 L. - '
:
i
s N -
17 T Std.,
~ 25
| 28 Lm
; ‘ 19 Tstd.|. N o
’ ko Y 21 | Pen, || SANDY GRAVEL - Slightly compact, gray, fine
! 17T 8 & 13 | to coarse sand and fine %o coarse
- | gravel,
- . SANDY GRAVEL - Compact to very dense,
: o 30 7Tstd.| A
- e 22 Pen, | gray, wet, fine to coarse sand and
i 35 % | fine to coarse gravel and scattered
i cobbles, 8 trace of silt.
i



Sub Section

£

o

1

Ramp A Overcrossing (A/E) o Sheet 3 of

| US|

fre

]

AN |

TS;#:}CES. * DESCRIPTION OF MATERIAL
23 Sta.
ne 17 Pen.
11 15
25 8tad.
41 Pen.
30
é“ v 16 R ST
Cobbles probably not present beyond 5h!,
) lh- -6 Stdo
7 Pen,
21
34 . Tstd.
a 30 Pen.
7 39 v 18

FINE AND MEDIUM SAND - Dense, derk gray,-

& trace of silt. (This stratum heaves.)

1 5td.
' (Pen.

28
26
21

SILTY, SANDY GRAVEL - Ioose, gray, moist,

=

fine to coarse sand and gravel.

==

CRNSTTOF GRAY CLAY 651 57701
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Wet Density

Lg-7

Dry Density

S2.9

Oy

| Yelgry—ory)

Yilgr yhora!

Yilgytorsl=ll

“00

439>

589

4020

y/r-y

1175

Z00o

/49

2/49

Sample Height =<7 &

75

i%q. F1.

Dial
‘Strain | Reading Yilgi—oy)

¢ in
— % linch % 10

Siratn 4|  Press.
#1538 linch % 10| LS0U8e

&

FEisq. In. |. “;n — : —— e
i o Initial T i
0.5 | 3 Zs5”
1.0 | =« ‘7. e e
s | £ T Tt
20 | & | 5o pee i g
—30 [ 9 |7v B o
40 1/0 [8) e
G"“. /189 |seo .
S VAR /7o %
__77-0 /5 |G G _
B0 /85 |/ Vooo - ]
90 /9 |44 S T A P L B M N I S IS RS M
100 |70 /57 _ R SRS s A s IS B B R o R S T
10120 /79 lzoeo e e e e e
o T TG AT ; M N et =TT T
120 | /8 /27 |[$eo B IR o e SR S I S I e e s e S .
\J3-0 L& |13/ i 7% Ot T
14.0 SERETELNREDY /A il H ! il i 1 1
-15.0 S SN o o S S A e e T
17.0 ..=":/‘¥%¢' R A b L
] T M I i i IR i T
H"JIB.O -+ . Y A T 1:‘E § 1 T 1 . 11 1 ¥ i.1
19.0 S6 [ T N : ]
] T A S S0 A N VO 18 S O e R R
- 20.0 Ay ‘_‘“f"-‘“é‘f"‘*.—; e L : 4 bt RN
—21.0 e e e i
220 ; "'L“:_— A T , R I AR
230 R EESEREERE R —
LQ4.0 A O 0 S =
. i b L' i! [ . __“‘
25.0 - S S O S A
; [ D N A i e
i S A N R B N
; ? TEVEE AN RV W I FI R A
! s ':| i . < f ¥ F I W
5 e o P T e PR
5 q s ¢ 7 4 s i Zlnslruﬁin‘n: '

; P
ype Machine /KW WS g Wil Uwia ’
"2 Test I Soge - —l Uncon. I D'C“c;:.’d 1 Um(i:r‘:vr;;:ed ’ Conol | I % 57;" g

| . Operator........ L E T .

Show Stress-Strain in Red.
Show Mohr's diagram in Black, -
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| TRIAXIAL TEST DATA
- SR Sample No.  €=62534 .
_ob No. .L 3-‘- 9. Section... AmP. AL Otxide
Depth.6. o Station... A.dd 31 o N S
Aaterial.. éf{,/ é: l—// C/&ﬂw ,;-,qa. .g;n.?/ .
] Gross Wi, Tare Net Wi, Can No. Wet Wi, Dry Wi. Wi HiO % HLO Wet Density Dry Density
779 /75 3’5:-'-: /4 Lp.od {8566 | sl a2ld | s79.4 | 3.l

_ '5 °
ir O | Yool | Vilor o) Veigrytoral ot I ight —

[ Zoo| /920 /220 | Sompe Mg = 5. 7
“ronow| (eSO 2650 C=_f#spo 7hsn
zros [ 2/8019/80

j:Sl‘r|:|in R:?:lidaiLQ %[‘ﬁ_o." Strain 4] Pres. qb

% linch % 10 #13. 8. hinch ¢ 10 #?:ﬂ:gien.
L 0 Initial

05 | 9 |zz+
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15 123 krs”

120 13/ 1246
- 30 |2 rso
_ 40 159 Vozo ;
N leo \Mznicwo R A S 5 e el
| 2o Vesp B ewwn u/ awan N
790 |7 Vb5 ols000 o ; ‘4-'— R
80 195 17/80 §
- 90196 2/80Fpun
100 122 #7270 |$op

i11.0 / ? ‘470
-112.0 | -

13.0

'14.0
~15.0
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20.0
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220

123.0 :
-24.0 o

25.0 ] '
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! M e oo ] ; i ] i :
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7 KW A ST Uwil) Uwi2) 7 571'&, n Show Stress-Strain in Red.
g £an, Con. o ye. Show Meohr's diagram in Black.
Uncon, I Drained l Undrained | Consol | I
‘ Operator........ 7. ST



TRIAXIAL TEST DATA

7 o ZABI7O Sample No. Gzl s. =/ ..
Job No. k=3598 . Section........ ? /-}mf";f"ﬂ"xmi& ................................................................
--Depth..-./j_'n'!.T-.........._z’.{-.r.f.i?..'.' Station.... Bl £ 36 . i
7Mcfeno|éy.(,y1forluc /langana/

Wet Wi,

[27. 60

Net ‘Wt
23T
radl

Vilgytorel st

Con No,

14

Tare

777

Gross Wt

296

Dry Wi,

9770

% HiO

2b.!

Wet Density

87.6

Dry Density

£9.5

Yalgrytory}

iR 228
2390
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300
/peO
1 Z2e0

R Y b’l—a‘ﬂl

IO
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Sample Height = <, B

C=
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g/o

o —_ e Deg.
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Chapter 5 -- Bridge No. 167/112 E Ramp

Foundation design studies carried out for Bridge No. 167/112 E Ramp (E Ramp) included
» determining the axial capacity of driven piles and drilled shafts

+ assigning soil properties for use in lateral response analyses of driven piles and drilled
shafts, and .

» estimating the allowable bearing pressures for the abutment footings.

In view of the potential for liquefaction of sands and silts prevalent in the upper 12 m (40 ft)
of soil profile at the bridge site, the possible effects of liquefaction on the axial and lateral
capacity of driven piles and drilled shafts, as well as the stability of abutment end slopes,
were also evaluated. Methods used during and key results from these foundation capacity
and liquefaction analyses are presented in this chapter.

Project Design Considerations

The E Ramp structure is located between 15" Avenue SW and 15* Avenue NW, where SR-
167 crosses over SR-18. The general location of the bridge is shown in Figure 1-1. This
bridge will be widened on its west side by 5.5 m (18 ft) to provide an HOV lane.

Existing Structure

The E Ramp structure was constructed in the early 1970's from prestressed concrete. It is
approximately 105 m (343 ft) in length and 12 m (40 ft) in width. The bridge is supported
on four interior piers with each pier consisting of two columns. Columns have an exposed
height of approximately 5.5 to 7 m (18 to 23 ft). Interior piers of the bridge are located
approximately 18 to 27 m (58 to 90 ft) apart. The ends of the bridge are supported by
shallow strip footings located within the abutment fill.

The foundation for each column consists of a pile cap located approximately 1 to 2 m (3 to 7
ft) below the roadway surface. From the original design drawings, it appears that each pile
cap is roughly 3 m by 3 m (10 ft by 10 ft) in plan and is located approximately 7.5 m (25 ft)
from the adjacent pile cap within the pier. Each pile cap is supported by six driven concrete
piles. The estimated average length of the concrete piles, based on the original design
drawings, is 12 m (40 ft). This results in the toe of the piles being located at an approximate
elevation of 8 m (30 ft). The concrete piles are required in the design drawings for the
bridge to have a capacity of 490 kN (55 ton) .

Approach fills for the bridge are approximately 8 m (26 ft) in height. The end of the
abutment fill is sloped at 2H:1V (horizontal to vertical). The side slopes on the west side of
the approach fill are relatively flat with the top of the area only a few meters below the
roadway surface. A 1.5-m (5 ft) wide strip footing is located at each end of the bridge in the
approach fill, approximately 3 m (10 {t) below the roadway surface. Design drawings
indicate that the allowable bearing pressure on the footing is 290 kPa (3 tsf).
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Site Conditions

The site is level except for the grade change to accommodate the approach fills for the
bridge. Areas along the west side of the bridge abutments, where widening will occur, are
covered with grass. These areas should pose no significant obstructions to construction.

Traffic on the E Ramp bridge and SR-18 are heavy and will present significant construction
constraints. Median widths for Piers 3 and 4 are approximately 5 m (16 ft); Piers 2 and 5
are located at the toes of the approach fills.

Subsurface Conditions

Ten test holes have been drilled and sampled for this bridge: three for the original bridge
design, three as part of a preliminary widening evaluation, and four as part of this task
order. A piezometer was installed in one of the test holes completed for this task order.
Locations of the test holes are shown in Figure 5-1 at the end of this chapter. Test hole logs
based on past and the most recent explorations are included at the end of this report
chapter. Limited numbers of laboratory grain-size tests were also completed as part of this
task order. Results of these tests are also included at the end of this chapter.

The geotechnical soil profile for this bridge consists of layered silts, sands, and gravels to
the maximum depth of exploration, 44 m (140 ft). Figure 5-2 shows the soil profile that was
developed from the test hole logs.

For the purposes of the foundation design studies, six primary soil layers are identified.
The characteristics and approximate depths of these layers are summarized as follows,
beginning at the ground surface:

« Layer1--Site Fill: This material occurs from the ground surface to approximate
elevation 17 to 18 m (56 to 60 ft). It appears that approximately 3 m (10 ft) of the site soil
were removed during original construction and were replaced with this material. The
same material is used for the approach fills to the bridge. Generally the fill is a dense
sandy gravel. From location to location and depth to depth, the amount of silt changes.
This layer is generally above the water table; blowcounts from the SPT are normally
greater than 20.

+ Layer 2 - Sandy Silt Layer: This layer extends from approximate elevation 17 (56 ft) to
approximate elevation 14 m (46 ft) near the southern piers (Piers 2 and 3) and from
approximate elevation 18 m (60 ft) to elevation 15 m (49) near the northern piers (Piers 4
and 5). The material is primarily fine silty sand and sandy silt. Blowcounts are often
less than 10. It is located below the water table.

+ Layer 3 -- Sand and Gravel Layer: This layer occurs between approximate elevation 14
m (46 ft) and elevation 1 m (3 ft) near the southern piers and from approximate
elevation 15 m (49 ft) to elevation 5 m (17 ft) near the northern piers. The layer consists
of a gravelly sand to sandy gravel with some wood debris near the northern pier
locations. Blowcounts near the southern piers are often above 25; the blowcounts near
the northern piers can be less than 25 with some, near the top and bottom of the layer
less than 10. '
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+  Layer 4 —- Sandy Silt Layer: This layer occurs between elevation 1 m (3 t) and
elevation -2 m (-7 ft) near the southern piers and between elevation 5 m (17 ft) and
elevation 0 m (0 ff) near the northern piers. The layer consists generally of silt and sand
with some organics. Some clay is also present near the southern piers. Blowcounts in
this layer can be as low as 10.

+ Layer5-—Loose Sand Layer: This layer consists of nearly 15 m (49 ft) of loose silty
sand and gravelly sand with some silt. Traces of wood are noted in the test hole logs.
Blowcounts range from 5 to 20 or more. Blowcounts in the top 5 m (16 ft} of this layer
are often less than 10. Higher blowcounts occur at deeper depths.

+ Layer 6 -- Dense Gravel Layer: A dense gravel layer is located at elevation -13 to -15 m
(-43 to -49 ft). This layer is very consistent in the general area. Blowcounts from the
SPT are in excess of 50 blows per 0.3 m (1 ft).

Several important features within the soil profile were identified from the test hole logs.
First, low blowcounts occur within Layers 2, 3, 4, and the upper portions of Layer 5. While
some of these low blowcounts appear to be caused by heave within the augers during
drilling, at least some are thought to represent actual conditions. As discussed
subsequently, the low blowcounts in Layers 2 and 3 lead to concerns about the
susceptibility of these layers to liquefaction during a design earthquake. The low
blowcounts in Layers 4 and especially the top portion of Layer 5 present concerns about the
depths at which end bearing can be mobilized in driven piles or drilled shafts. '

Another relevant observation during both the present and past exploration programs was
the presence of scattered wood fragments and cobbles within the soil profile. A boulder
that required blasting with dynamite was encountered at a depth of 33 m (108 ft) in another
test hole (H-2).

Groundwater was measured at depths of 1.5 to 3 m (5 to 10 ft) below the ground surface.
These depths correspond to approximate elevations of 18 to 20 m (60 to 66 ft). Artesian
conditions were also reported at a depth of 14 m (46 ft) during drilling of one test hole (A-4-
71). A design groundwater elevation of 20 m (66 ft) was used for static pile and drilled shaft
analyses. For liquefaction analyses the groundwater elevation was assumed to be elevation
18 m (60 ft). This lower level for liquefaction analyses represented an expected long-term
condition, while the higher elevation was used for pile and drilled shaft design to assure
that adequate conservatism was incorporated in design for possible short-term loading
conditions.

Engineering Soil Properties

Engineering properties were assigned for each of the primary soil layers to aid in
subsequent foundation design computations. Various methods were used to assign these
properties, including soil descriptions, blowcounts from the SPTs, and normal engineering
judgment. These properties are best-estimated values, rather than lower bound. The fact
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that the values are best-estimates needs to be recognized as factors of safety are selected for
determining the axial capacity of driven piles and drilled shafts. Summaries of these
properties are presented in Table 5-1.

Table 5-1. Summary of Estimated Soil Properties at E Ramp

Soil Layer No. Moist Unit Saturated Unit Weight Friction Angle
Weight (N/m3) | (kN/m3)

Southern Northern
Piers Piers

1 19.6 - 33 33

2 - 18.1 29 29

3 - 19.6 33 30

4 - 18.9 30 30

5 - 189 30 30

6 - 20.3 35 35

Liquefaction Susceptibility

Liquefaction assessments were conducted using the Seed-Idriss simplified blowcount
procedure (Seed and Idriss, 1982) with a peak ground acceleration of 0.35g. As noted in
Chapter 3 of this report, the peak firm-ground acceleration for the site is estimated to be
0.29g. This motion is expected to amplify by a factor of approximately 1.2, as the seismic
wave propagates through the upper 30 m (100 ft) of soil profile, resulting in a design motion
for liquefaction and embankment stability studies of 0.35g.

In the liquefaction assessment blowcounts from both the 1997 and the previous exploration
programs were used to estimate the cyclic resistance ratio (CRR) for the soil on a test hole
by test hole basis. Blowcounts from all SPTs were adjusted to an energy of 60 percent. An
energy ratio of 80 percent was used for the automatic hammer; all other blowcounts were
assumed to be measured at an energy of 60 percent. Other CRR correction factors,
including those for overburden, fines correction, and earthquake magnitude were
consistent with the latest recommendations of Robertson and Wride (1997).

The liquefaction potential, which is equivalent to the factor of safety against the occurrence
of liquefaction, at each test hole location was determined by comparing the computed value
of CRR to the cyclic stress ratio (CSR) caused by the design earthquake. If the liquefaction
potential was 1.1 or lower, the soil was identified as having a high potential for liquefaction
during a design earthquake. A check was then made to determine if the material with a
high liquefaction potential met the grain size and plasticity criteria identified by Seed and
Idriss (1982) as being necessary for a material to be liquefiable. Locations of high
liquefaction potential were then plotted on the soil profile for the E Ramp to determine the
trend in liquefaction.

54

—



Based on the blowcount analyses, it appears that liquefaction could develop between the
groundwater location (i.e., elevation 18 m; 60 ft) and elevation 9 m (30 ft) at the E Ramp.
This depth range encompasses all of Layer 2 and the upper portion of Layer 3. The
potential for liquefaction is not, however, continuous within this elevation range. Rather,
many of the blowcounts within the range suggest a low liquefaction potential, with the
factors of safety against the occurrence of liquefaction in excess of 2. Individual points of
liquefaction were then discounted if adjacent blowcounts were high, under the premise that
re-distribution in porewater pressure would moderate the tendency for porewater pressure
buildup. Likewise, blowcounts in areas where heave was specifically noted in the test hole
log were also discounted.

From these interpretations, it was concluded that the soil between elevation 18 m (60 ft) and
15 m (49 ft) would be the most likely to liquefy on a relatively continuous basis; i.e., the
entire layer would be liquefied at one time. Materjal between elevation 15 m (49 ft) and 9 m
(30 ft) would undergo liquefaction on a more localized basis, with some zones of loose
sands and silts liquefying but adjacent areas not liquefying.

Methods of Foundation Analyses

Foundation design studies were completed to determine the capacities of shallow and deep
foundations that would likely be used during the widening project. The sizes for these
foundations were provided by WSDOT's project manager. Approaches for the analyses
were discussed with WSDOT prior to and during the analyses to confirm that the methods
were generally consistent with WSDOT foundation design requirements.

Driven Pile Design

Axial pile capacities were determined for 460 and 610 mm (18 and 24 in) steel pipe piles. It
was assumed that these piles would be driven with a closed end, and filled with concrete
after driving. Analyses were conducted for these two pile sizes to determine the (1) axial
capacity under static (service load) and seismic conditions, (2) the amount of settlement of a
four-pile group under the service loads, and (3) soil parameters for lateral pile capacity
determination.

Static Axial Capacity Determination

Both compressive and uplift capacities of the piles were determined. The unified method of
design (Fellenius, 1996) was used to estimate compressive and uplift capacities.

Coefficients for B and N used during these analyses are given in Table 5-2. No limitations
were placed on the determination of side and end resistance when computing capacities. In
some design methods a critical depth of 10 to 20 pile diameters is imposed, beyond which
side friction and end resistance values do not increase (e. g., DM-7, 1982). However, for the
depths involved and based on discussions by Fellenius and Altaee (1995), there seems to be
considerable question whether the critical depth concept is appropriate.
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Table 5-2. Summary of Coefficients for Driven Pile Design at E Ramp

Layer No. Static Gonditions Seismic Conditions

B Ni B Ni
1 0.35 - 0.35 -
2 0.30 - 0.15 -
3a (> elev. 9) 0.45 b5 0.15 -
3b {< elev. 9) 0.45 55 0.45 55
4 0.32 - 0.32 -
5 0.30 35 0.30 35
6 0.45 60 0.45 60

In recognition that the soil layering seems to change between the southern piers (Piers 2 and
3) and the northern piers (Piers 4 and 5), separate analyses were completed to account for
somewhat different soil layering and soil properties in each area.

The uplift capacity of the driven piles was assumed to be 80 percent of the friction along the
side of the pile in compressive loading. This reduction is consistent with WSDOT’s
standard practice. IR

Seismic Axial Capacity Determinations

Procedures used to estimate axial capacity under seismic loading differed from the method
for estimating static capacity only in the assigned B value for Layer 2 and part of Layer 3.
As discussed above, liquefaction is predicted at various depths in these layers under a
design earthquake, the consequence of which will be reduction in the side and end
resistance for the pile. It was assumed for the seismic axial capacity determination that
liquefaction would occur between approximate elevations 18 and 9 (60 and 30 feet).

Throughout the liquefied zone, a reduced B value was used for side friction. The reduction
in side resistance was introduced by using an undrained residual strength ratio (S;./¢")
equal to 0.15. This ratio was selected on the basis of information presented by Dobry and
Baziar (1993) and in the draft proceedings from a 1997 National Science Foundation
Workshop (NSF, 1997) dealing with the measurement of residual strengths in liquefied soil.
A wide range of undrained strength ratios have been suggested for liquefied soil, and some
individuals contend that the residual strength is not proportional to the effective
overburden pressure. Considering the differences of opinion that currently exist, a check
was also performed using the relationship between blowcount and residual strength
suggested by Seed and Harder (1990). An undrained strength ratio of 0.15 results in
undrained strengths that are not inconsistent with the range determined from the Seed and
Harder relationship.

It was further decided that the toe of the pile should be located below the zone with a high
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risk of liquefaction (i.e., 18 to 9 m; 60 to 30 ft) to minimize the potential for excessive pile
settlement during a design seismic event. No adjustments were made for potential buildup
in porewater pressure below the liquefied zone. It was assumed that sufficient
conservatism had been introduced by establishing the maximum toe elevation below the
maximum predicted depth of liquefaction.

This approach to liquefaction was expected to be conservative. The actual effects of the
assumption regarding side friction on compressive and uplift capacity are not significant, as
the side resistance within this depth interval is relatively small, even under static
conditions.

Settlement Estimates for Static Loading

Settlement estimates were made assuming that four piles would be required to support the
pile cap for the column. The four-pile configuration was selected primarily to provide
increased lateral stiffness, in the event that loss in soil strength occurs in Layer 2 and part of
Layer 3 as predicted. It was also assumed that the four piles would be spaced at2 % to 3
diameters. '

An equivalent footing approach was taken in estimating settlements. The size of the footing
was defined by the perimeter of the pile group. Following discussions with WSDOT
engineers, it was decided that the footing would be located at the neutral plane of a single
pile, where the neutral plane was defined as the point at which the side friction for the pile
equals the service load. A 2V:1H stress distribution was assumed below the footing.

Scil Parameters for Lateral Pile Loading

Procedures used to determine soil parameters for lateral-load analyses generally followed
recommendations by Reese and others (e.g., Reese and Wang, 1989a). Modulus of subgrade
reaction values were based on information presented in Lam and Martin (1986), which
gives modulus of subgrade reaction values as a function of relative density for sands
located above and below the water table. These parameters are appropriate for use in the
computer programs LPILE and COM624.

For seismic loading the resistance of Layer 2 and Layer 3 was reduced to account for the
likelihood of liquefaction under a design earthquake. While liquefaction could occur
between elevation 18 and 9 m (60 and 30 ft), it appears that Layer 2, which makes up the
upper 3 m (10 ft) of the liquefiable zone, is the most vulnerable. Within this layer a fully
liquefied condition was assumed. The average corrected blowcount, (N,},, for this layer
was approximately 12, resulting in a B of 0.15 based on NSF (1997) or a strength of 12 kPa
(250 psf) based on the lower bound of the relationship between residual strength and
corrected SPT value given by Marcuson et al. (1990). Below approximate elevation 15 the
liquefied zone was assigned a friction angle midway between the liquefied and
nonliquefied values. The basis for this reduced friction angle was that random locations of
liquefaction were predicted potentially between elevations 15 and 9 m (49 and 30 ft).
However, other locations within the same depth range did not liquefy. Realizing this, it
was reasoned that some loss in lateral support capacity would occur, but more resistance
would exist than a fully liquefied state.
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Pile-group reduction factors were also defined to account for interaction between piles if the
piles are closely spaced, as expected. The reduction factor will depend on the selected
spacing ratio (i.e., ratio of center-to-center pile spacing to pile diameter). Significant
differences in opinion currently exist within the profession regarding the form and amount
of reduction to apply. Based on a recent survey of state departments of transportation
(Brown at al., 1998}, it was found that reduction factors given in references such as DM-7
(1982), the Canadjan Foundation Engineering Manual (1985), and even the Federal .
Highways Administration (FHWA) Manual Design and Construction of Driven Piles (GRL,
1996) are generally viewed as resulting in too much reduction in stiffness. The p-multiplier
procedures (e.g., Brown and Bollman, 1996) is currently thought to provide the most
realistic representation of group effects, in the absence of dynamic analyses such as given in
W3DOT’s Design Manual Foundation Stiffness Under Seismic Loadings (GeoSpectra, 1997).

Drilled Shaft Design

Axial capacities of three drilled shafts, with diameters of 1.22 m (4 ft), 1.83 m (6 ft), and 2.44
m (8 ft), were determined. It was assumed that a steel casing would be used during
installation of these shafts, but that the casing would be removed as the concrete is placed.
Analyses were conducted for each shaft diameter to determine (1) the axial capacity under
static (service load) and seismic conditions, (2) the possible settlement of the shaft under
service loads, and (3) soil parameters for lateral shaft capacity determination.

Static Axial Capacity Determination

The static capacity analyses for the shaft involved determination of side resistance, end
bearing, and uplift resistance. Procedures suggested by the FHWA Manual Drilled Shafts
(Reese and O'Neill, 1988) were generally followed when determining capacity. In this
approach the end bearing of the shaft is determined from the product of the uncorrected
blowcount (N) times a factor of 57.5 in kPa (or N X 0.6 in tsf), and the side friction for
cohesionless soil is based on a computed B value.

Procedures used in the estimate of shaft side resistance deviated from recommendations
given in the FHWA manual in one important area. When determining [3 values, the
equation recommended in the FHWA manual was not followed. During a progress review
meeting with WSDOT's geotechnical engineers, it was decided that the B values determined
from the equation in the FHWA manual were too high in the upper layers of soil and
possibly too low in the lower layers. To obtain what were considered to be more
representative B values for the soil conditions at the site and the likely construction
methods, B was defined as the product of a lateral earth pressure coefficient (k) and the
tangent of the interface friction angle.

Shaft capacities for the E Ramp were determined using an Excel spreadsheet tabulation.

The values of § and the average N values used for the shaft capacities analyses are
summarized in Table 5-3. No adjustments were made to the soil properties for shaft
diameters greater than 1300 mm (50 in) based on discussions with WSDOT. As with the
driven piles, the uplift capacity was assumed to be 80 percent of the compressive capacity of
the shaft.
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Table 5-3. Summary of Coefficients for Drilled Shaft Design at E Ramp

Static Conditions Seismic Conditions
Layer No. Piers 2 & 3 Piers4 & 5  Piers2 &3 Piers 48 5

i N B N B N B N
1 0.32 - 0.32 - 0.32 - 0.32 -
2 0.27 - 0.27 - 0.15 - C.15 -
3a (> elev. 9) 0.42 27 0.36 22 0.15 - 0.15 -
3b (< elev. 9) 0.42 32 0.36 22 0.42 32 0.36 22
4 0.29 8 0.29 8 0.29 . 8 0.2% 8
5a (> elev. -B) 0.29 7 0.29 7 0.29 7 0.29 7
5b (< elev. -8) 0.28 15 0.29 15 0.29 15 0.29 15

Seismic Axial Capacity Determinations

Procedures used to estimate the axial capacity of the shaft under seismic loading differed
from the method for estimating static capacity only in the assigned B value for Layer 2 and
part of Layer 3. As discussed previously for driven piles, liquefaction is predicted at
various depths in these layers under a design earthquake, the consequence of which is
reduction is the strength of the layer. It was assumed that the f value would be reduced to
0.15 between elevations 18 and 9 m (60 and 30 ft). The rationale for the selection of B of0.15
is the same as that given for driven piles. Also similar to the driven pile, it was concluded
that the toe of the shaft should be located below the maximum predicted depth of
liquefaction.

Settlement Estimates for Static Loading

Settlement estimates were made assuming that a single shaft would support each column.
An equivalent footing approach was taken in estimating settlements. The size of the footing
was defined by the perimeter of the shaft. This footing was located at the neutral plane of
the shaft. As noted before, the neutral plane was defined as the point at which the side
friction for the shaft equals the service load. A 2V:1H stress distribution was assumed
below the equivalent footing.

Soil Parameter for Lateral Pile Loading

Procedures used to determine soil parameter for lateral-load analyses were the same as
those used for driven piles. After discussions with WSDOT’s geotechnical engineers, it was
decided that no adjustment factors would be given to account for the potential effects of
shaft diameters greater than 0.6 m (2 ft), as has recently been suggested in some studies
(e-g, ATC, 1996). These parameter are appropriate for use in the computer programs LPILE
and COM624.
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As with the driven piles, the strength of the soil between elevation 18 and 9 meters {60 and
30 feet) was reduced to account for the likelihood of liquefaction under a design
earthquake. While liquefaction could occur throughout the elevation range, the upper 3 m-
(10 ft) were considered most vulnerable. Within this layer a fully liquefied condition, with
a residual strength of 12 kPa (250 psf), was assumed. The lower portion of the range was
assigned a friction angle midway between the liquefied and nonliquefied values. The basis
for this was the same as discussed previously for driven piles.

Abutment Design

To facilitate the widening, it will be necessary to increase the width of the embankment side
slopes by approximately 6 m (20 ft). Abutment footings will also have to be constructed in
the approach fill to support the new bridge width. In the case of the abutment fill, the
‘existing slopes are relatively flat; therefore, analyses were only performed to determine the
stability of the end slope under seismic loading. For the abutment footings, it was
necessary to determine allowable bearing pressures and strain compatible dynamic soil
properties for the footing. Procedures used to evaluate these requirements are summarized
below.

Abutment Stability

The seismic stability of the end slopes for the abutment fill was determined by conducting
stability analyses using the computer program PCSTABL (Siegel, 1974). For these analyses
the groundwater was assumed to be located at elevation 18 m (60 ft), which is roughly 3 m
(10 ft) below the existing ground surface. The end slope of the embankment was assumed
to be 2H:1V. Properties of the embankment material and underlying soils were as defined
previously within the discussion of Engineering Soil Properties.

Pseudo-static analyses were conducted with PCSTABL. In this approach the seismic
coefficient was varied until a factor of safety approximately equal to 1.0 was defined.
Properties were similar to those used for the static analyses, except that Layer 2 was
assigned a residual strength equal to 0.15 times the effective overburden pressure (i.e., 5; =
0.15¢"). The basis for the residual strength determination was presented previously in the
discussion for Driven Pile Design. A 3-m (10 ft) layer was used to constrain the depth of the
failure surface to the zone where continuous liquefaction was expected.

Estimates of deformation during the seismic event were made using the Newmark
simplified method. With this method, an approximate estimate of deformation can be
obtained from published relationships between the predicted deformation and the ratio of
yield acceleration to peak acceleration.

Allowable Footing Pressures and Dynamic Properties

Each end of the existing bridge is supported on an abutment wall that is supported on a 1.5-
m (5 ft} wide strip footing extending across the complete width of the bridge. This footing
is located approximately 3 m (10 ft) below the roadway surface. Itis anticipated that a
similar size footing at the same depth will be used for the widening. Allowable bearing



pressures for this footing were determined using conventional bearing capacity theory with
allowances for the sloping face of the end abutment. It is understood that the lateral earth
pressures for the abutment wall will be based on WSDOT's standard wall design.

Shear modulus, material damping, and Poisson’s ratio values were estimated based on
recommendations given in the FHWA Manual Seismic Design of Bridge Foundations (Lam
and Martin, 1986). For these parameter determinations the low-strain shear modulus was
selected on the basis of average blowcounts recorded during the SPTs within one footing
width below the planned footing elevation. An average shearing strain of 0.02 to 0.2
percent was used to adjust for the level of shearing strain expected during a design event.

Recommendations

This presentation of recommendations is separated into two sections. The first covers the
foundation systems, and the second involves construction considerations. While the
discussion of construction is limited, recommendations given for design of the foundation
systems are dependent on the methods used and observations made during construction.
For this reason it is critical that any changes in either site conditions encountered during
construction or procedures used during construction be brought to the attention of CH2M
HILL in order that the following foundation recommendations can be confirmed for the
observed conditions or methods.

Foundations

The methods of analyses described in the preceding section were used to develop
geotechnical recommendations for design of driven pile and drilled shaft foundations,
abutment footings, and abutment slopes under static and seismic loading conditions. These
recommendations are based on best estimates of soil properties. Appropriate consideration
should be given to the possibility of different soil properties and soil behavior during
selection of factors of safety.

Driven Piles and Drilled Shafts - Static Loading

The interior columns for the bridge can be supported using either driven piles or drilled
shafts.

Axial Capacity: Figures 5-3 through 5-12 present ultimate axial capacity versus depth plots
for each pile and shaft size. It is emphasize that these capacities are ultimate values; they
have not been reduced with factors of safety. The maximum ultimate capacity for driven
piles is limited to 4,500 kN (500 tons) to keep the ultimate capacity within the range of
applicability of the dynamic formula in Section 6-05 of WSDOT"s Standard Specifications.

Allowable capacity values can be determined by applying a factor of safety to the capacities
given in the figures. Table 5-4 provides recommended factors of safety for design. As
shown in this table, the factor of safety should be selected on the basis of the type of field
monitoring that is done before or during pile or shaft installation. It is understood that
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WSDOT normally will monitor pile drivability or shaft construction; however, if test piles
are driven or a static load test were performed, lower factors of safety would be
appropriate.

Table 5-4. Recommended Factors of Séfety at E Ramp

Driven Piles Drilled Shafts

Field Confirmation Compressive Uplift Loading Compressive Uplift Loading
Loading Loading

None 3 3 4 . 4

Standard WSDOT 2.5 1.5 2.5 1.5

Test Piles/PDA 2.25 1.4 - ' -

Static Load Test 2.0 1.3 2.0 1.3

Minimum and maximum pile or shaft toe elevations should be used with Figures 5-3
through 5-12 to assure development of the required capacities and to limit settlements.
Table 5-5 provides a summary of the minimum and maximum toe elevations for the bearing
layers. These elevations were established (1) to avoid locating the toe of the driven pile or
drilled shaft in what was thought to be a more compressible material (e.g., Layers 2 and 4},
(2) to locate the toe of the shaft or driven pile below the maximum anticipated depth of
liquefaction, and (3) in the case of drilled shafts to limit construction to depths to that
WSDOT believes can be achieved with out great risk of construction problems.

Layers that should not be used for end bearing due to soil type or liquefaction potential are
identified with "NA", meaning not appropriate. It is important to note that the drilled
shafts at Piers 4 and 5 should not be located above elevation 0. This elevation requirement
is imposed because of the uncertain consistency of Layer 3 at Piers 4 and 5. Blowcounts
recorded during the 1997 field exploration program were often low within this depth zone.
Although it is possible that the low blowcounts were due primarily to heave during the
drilling program, the possibility of very loose materials could not be ruled out. After
discussing this issue with WSDOT's geotechnical engineers, it was decided that the toe of
the shafts should be located below the zone where low blowcounts were recorded. Should
this requirement have significant cost implications, then it may be necessary to conduct
further explorations at Piers 4 and 5 to reconcile this issue. If additional explorations are
conducted, it would be preferable to conduct these explorations with a cone penetrometer
to obtain a continuous determination of soil resistance with depth.

For any layer, a four-pile group or drilled shaft founded between the minimum and
maximum toe elevations is expected to develop the capacities given in Figures 5-3 through
5-6 and Figures 5-11 through 5-16 with settlements under service loading of less than 25
mm (1 in).
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Table 5-5. Summary of Minimum and Maximum Tee Elevations at E Ramp

Driven Piles Drilled Shafts

Layer Number Minimum Elev. Maximum Elev. Minimum Elev. Maximum Elev. (m)}
(m (m) {m)
Piers2 | Piers4 | Piers2 | Piers4 | Fiers2 | Piers4 | Piers2 | Piers 4
&3 &5 &3 &5 &3 &5 &3 & %

1 NA NA NA NA NA NA NA NA

2 NA NA NA NA NA NA NA NA

3 9 9 4 6 9 NA 5 NA

4 NA NA NA NA NA NA NA NA

5 -3 -3 NR* NR -3 0 -10 -10

* Not Restricted

Lateral Capacity: Soil properties that should be used for lateral pile capacity analyses
under service load conditions are summarized in the LPILE/COM624 forms given in Tables
5-6 and 5-7. The elevations at the top of the first layer should be the bottom of the pile cap
for driven piles or 1.5 m (5 ft) below the ground surface at the shaft location.

Table 5-6. LPILE/COM624 Parameters for Service Loading at E Ramp - Piers 2 & 3

Layer [Type of |Layer Elevation Effective Unit (Cohesion Friction [Coefficient of Seil
No. [Soils Weight Angle |Subgrade Reaction {Type
Upper Lower
(m) |(ft) [(m) |(f) [(kN/m?) [(pcf) [(kPa) Hpsf) |(degr.) |(MN/m®) |(pci)
1 Sand - - 17 56 [19.6 125 o 0 . 33 24 st 4
2 Silt 17 |56 |14 46 |83 - |53 0 0 29 3 10 4
3 Sandw/ {14 46 1 3 9.8 63 0 0 33 16 60 4
gravel
4 Silty 1 3 -2 -7 9.1 58 #] 0 30 9 35 4
Sand
5 Sand w/ [-2 -7 -13  [-43 - |9.1 58 0 0 30 9 35 4
silt &
gravel
6 Sandy |[-13- |-43 |- - 10.5 67 0 0 35 23 85 4
Gravel
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Table 5-7 LPILE/COM624 Parameters for Service Loading at E Ramp -Piers 4 & 5

Layer [Type of |Layer Elevation Effective Unit {Cohasion Friction |Coefficient of Soil
No. |Sail Waeight Angle [Subgrade Reaction [Type
Upper Lower '
(m} [(ft) [(m) |(ft) |(kN/m®) [(pcf}  [(kPa) [(psf) |(degr.) [{(MN/m®) |(pci)
1 Sand - - 18 56 192.6 126 |0 0 33 24 90 4
2 [sit 18 |56 |15 |48 [83 |58 [0 [0 |28 |2 10 7
3 Sand 15 |49 |5 17 |9.8 63 0 o 33 16 60 4
w/gravel
4 Silty 5 17 |0 0 91 58 0 o 30 9 35 4
Sand
5 Sand w/ (O 0 -14  [-48 |91 58 0 0 30 9 35 4
silt &
gravel
6 Sandy |-14 |-49 |- - 10.5 67 |0 o 35 23 85 4
Gravel

Group reduction factors should be applied if driven piles have spacing ratios of less than
five diameters. The group reduction factors given in the following table were developed
from Brown and Bollmann (1996). These values apply to the average stiffness of the pile

group.
Table 5-8. Group Efficiency Factors for Driven Piles at E Ramp
Row Spacing 3-Pile Group 4-Pile Group 6-Pile Group
3 diameters 0.75 0.65 0.60
4 diameters (.90 0.85 0.80
1.0 0.95

5 diameters

1.0

Driven Piles and Drilled Shafts -- Seismic Loading

Figures 5-13 through 5-22 present capacity versus depth plots for each pile and shaft size for
seismic loading. These plots can be used with seismic loads to confirm that adequate axial
capacity still exists when liquefaction occurs in the upper soil layers. In view of the
conservative approach used in considering liquefaction for the axial capacity
determinations, a factor of safety of 1.0 and 1.3 should be adequate for driven piles and
drilled shafts, respectively, during a seismic event. Realizing the high liquefaction potential
in Layers 2 and the upper portions of Layer 3, a minimum toe elevation is established at

elevation 9 m (40 ft

).

The pile or shaft foundation system could settle during the seismic event. This settlement is
expected to result from two sources: (1) the added pile or shaft loads resulting from. the
inertial response of the structure; and (2) densification of the upper portions of Layer 5.
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Settlement from added bridge loads is expected to be small. Settlement from the
densification of loose materials in the upper portion of Layer 5 could result in up to 50 mm
(2 in) of settlement within Layer 5. Driven piles or drilled shafts founded above Layer 5
could settlement this amount. Similar amounts of settlement would also be expected to
occur at the approach fills. If the driven piles or drilled shafts are founded in Layer 6, then
settle of the interior piers could occur due to drag loads as loose soils densify; however, this
settlement is expected to be small. Settlement would still occur at the approach fills,
resulting in differential movements between Pier 1 and Pier 2 and between Pier 3 and Pier
4. The amount of this differential movement could be as much as 50 mm (2 in).

Soil properties that should be used for lateral pile capacity analyses during seismic loading -
are summarized in Tables 5-9 and 5-10. Group adjustment factors discussed above for static
loading should be applied. Inasmuch as the phasing between liquefaction and the
maximum inertial forces on the bridge structure is difficult to predict, it is recommended
that seismic analyses include lateral capacity evaluations for two cases: (1} a nonliquefied
case, which is equivalent to the static case (Tables 5-6 and 5-7), and (2) the seismic case.
Design should be based on the more critical of the two.’

Table 5-9 LPILEfCOM624 Parameters for Seismic Loading at E Ramp - Piers 2 & 3

Layer |Type of [Layer Elevation Effective Unit |Cohesion Friction Coefficient of Soil
No. [Sail ' Weight Angle |Subgrade Reaction |Type
Upper Lower
(m} (/) [(m) [(ft.) |(kN/m’i(pcfy {(kPa) [(psf) |(degr.) [(MN/m*® [(pci)
1a Sand - - 17 56 |19.6 (125 |0 0 33 24 90 4
2 Silt 17 |56 [14 |46 [8.3 53 12 250% |- - - 1
3a Sand 14 |46 |9 30 [e8 63 0 0 21 5 18 4
w/gravel
3b Sand 9 3 3 9.8 63 0 0 33 16 60 4
w/gravel
4 Silty 1 3 -2 -7 8.1 58 0 0 30 9 35 4
Sand
5 Sandw/ -2 |7 [-13 |43 |91 58 0 ¥ 30 9 35 4
silt &
gravel
6 Sandy (13 |-42 |- - 10.5 |67 0 0 35 23 85 4
: Gravel

* Note: For Layer 2, assume g, = (.02 mm/mm
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Table 5-10. LPILE/COMG624 Parameters for Seismic Loading at E Ramp - Piers 4 & 5

Layer [Type of |Layer Elevation Effective Unit |Cohesion Friction |Coefficient of Soil
No. [Sail Weight Angle |Subgrade Reaction (Type
Upper Lower '
(m) () [(m) [¢ft) ((kN/m((pcf)  {(kPa) [(psf) |(degr) [(MN/m® |(pci)
1a Sand - - 18 60 19.6 125 o 6 33 24 90 4
2 Silt 18 |60 15 49 8.3 53 12 250" |- - - 1
3a Sand 16 |49 |9 30 |9.8 63 0 0 21 5 18 4
‘ w/gravel
3b Sand 9 30 |5 17 (9.8 63 0 0 33 16 60 4
wigravel
4 Silty 5 17 |0 0] 2.1 58 0 0 30 9 35 4
Sand
5 Sandw/ [0 0 -14  |-49 |8.1 58 0 0 30 9 35 4
silt &
gravei
6 Sandy |-14 |-49 |- - 10.5 |67 0 0 35 23 85 4
Gravel

* Note: For Layer 2, assume ¢,, = 0.02 mm/mm

Abutment Footings

The abutment footing should be designed for an allowable bearing pressure of 290 kPa (3
tsf). With this loading the settlements are expected to be less than 25 mm (1 in}). Roughly
half of the settlement is expected to occur during construction of the footing and abutment
wall. For seismic loading (i.e., Load Case 7) the allowable pressure on the abutment footing
can be increased by a factor of 2. '

Shear modulus, material damping, and Poisson’s ratio values given in Table 5-11 are
recommended for determining stiffness values for seismic design. These values were
developed using a shear wave velocity of 250 mps (820 fps), which results in a low-
strain shear modulus of approximately 120 MPa (2,500 ksf).

Table 5-11. Dynamic Soil Properties for Abutment Footing at E Ramp

Mode of Vibration Shearing Strain = 0.02% Shearing Strain = 0.2%
Shear Modulus 80 MPa (1,700 ksf) 30 MPa (630 ksf)
Material Damping 5% 12%

Poisson’s Ratio 0.35 0.35

In the event that future design studies determine that strip footings cannot be used, because
of the available room or for whatever other reason, it would be possible to use drilled shafts
or driven piles to support the abutment wall. Axial and lateral capacity information
presented in this chapter for the closest pier can be used for drilled shaft and driven pile
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designs at the abutment should a spread footing not be feasible.
Embankment Slopes

The side slopes in the widened area should not exceed 2.5H:1V, which is the maximum
existing side slope. End slopes should not exceed 2H:1V, which is also the existing siope
steepness. For these slope angles the factor of safety for static loading will be greater than
1.5.

During a design seismic event, deformations of the end slopes and side slopes could occur.
The amount of deformation is estimated to be less than 0.3 m (1 foot). Deformations at the
end slopes could impose loads on the foundations for the columns. These loads would be
imposed on the existing foundations, as well as the foundations for the widening project. In
the event that at some future date a seismic retrofit is performed for the widened bridge, the
retrofit should consider the potential effects of these additional loads on the foundation
system. These effects could be evaluated by conducting lateral analyses of pile or shaft
foundations with an imposed load from the moving soil. If the level of deformations cannot
be tolerated, various ground improvement methods could be considered as part of the
overall retrofit program.

Construction

Construction of the foundations for the widening project requires consideration of a
number of issues related to both quality contrel and difficulties associated with
construction. A number of these issue specific to this project site are summarized below. In

most cases the contractor should be made aware of these issues or requirements at the time
of bidding.

Driven Piles

The primary issues and requirements associated with the use of driven piles are as follows:

» The potential for wood and cobbles exists throughout the soil profile, and particularly in
Layers 3 to 6. While these conditions were not widespread, sufficient cases were noted
during the drilling of test holes to warrant consideration during the contracting of pile
installation. Pile driving contractors should be advised of this possibility within the
special provisions. '

* Inrecognition of the uncertainties of axial pile capacity between the southern and
northern piers, test piles should be installed prior to establishing pile order lengths.
These test piles should be of the same size and should be driven with the same
equipment as will be used during construction.

Tabie 5-10. Recommended Test Pile Program at E Ramp

Bridge Pier Number Number of Tests
E Ramp 2 1

3 1

4 1

5 1
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Groundwater could be located within 1.5 to 3 m (5 to 10 ft} of the ground surface.
Depending on the location of the bottom of the pile cap, excavations below the ground
water elevation could be required. The permeability of Layer 1, in which the pile cap
would likely be located, is expected to be high. With this high permeability, it would be
essential for the contractor to have identified procedures for handling excess water in
the excavation. If winter construction is anticipated, seals may be required to control
water. If summer construction occurs, dewatering systems may be sufficient to control
water.

Site access will be very restricted for this bridge. It will likely require lane closures and,
possibly, rerouting of traffic.

Drilled Shafts

The primary construction issues and requirements for drilled shaft will be as follows:

The water table is very high for the site, and soils are primarily cohesionless. This will
necessitate the use of steel casing from the ground surface to the maximum depth of
construction. It is critical that the casing be removed during placement of concrete, as
friction values used for shaft capacity design are based on a soil-concrete interface and
not a soil-steel interface. If the casing cannot be removed, shaft side resistance could
decrease by as much as 50 percent.

Shaft lengths could be up to 30 m (100 ft) in length to meet lateral fixity requirements

during seismic events. For these lengths quality control during placement of concrete
will be critical. Realizing the potential consequences of poor quality control, WSDOT
should plan to conduct sonic crosshole logging in each shaft following construction.

Access will be a significant construction consideration for each pier location.

Abutment Footing

The primary issues related to the construction of the abutment footing are as follows:

5-18

It will likely be necessary to use sheet piling to support the existing abutment fill during
excavation for and construction of the new footing. The depth of excavation for the
footing will be 3 to 4 m ( 10 to 13 ft), if the footing is similar in size to the existing footing
(i.e., 1.5 m -5 ft). However, if a wider footing is needed to needed to meet slope-setback
requirements, deeper excavations may be required.

In the event that the new footing is located below the existing footing, special care will
be required to avoid loss of footing support for the existing footing during construction.
Sheet piling or other support methods are available to provide this support. However,
it should be made clear in the special provisions that support of the existing footing
must be maintained. It would be desirable to survey the vertical elevations of the
abutment wall before construction to be able to quantify any movement that does occur.

Considering the potential for layers of siltier materials at the base of the planned footing
excavation, the footing excavation should be carried to at least 0.3 m (1 t) below the
planned base of the footing. Crushed ballast should be compacted to the base of the
footing to assure good drainage and high base friction.

— -
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Abutment Slopes

The primary construction issues and requirements related to the abutment slopes are as
follows:

* The new side slope fill should be keyed into the existing fill by cutting benches into the
existing embankment, as specified in WSDOT's standard specifications.

» Concrete slope protection matching the existing slope protection should be used to
prevent ravelling of embankment materials beneath the bridge.
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TEST HOLE:B-9-91 TEST HOLE-A-4-Z1

TEST HOLE:H:4-97

TEST HOLE A-2-71

TEST HOLE: H-5-97

TEST HOLE'E;ﬁ:_QZ TEST HOLE H-2-N

TEST HOLE H-7-87

TEST HOLE:B-10-91

ELV. 29,3 «/= ELV.19.5 »/- ELV. 2. ELV. 21.0 ELV.29.3
STN, 1I58+-52 M STN. 153 S5 M STN. 153 72 M STN 159‘03 M STN. 159+25 M STN 159-40 M STN 159°53 M STN 159 5? M STN.159+60 M
STN. 52011 FT STN, 520+21FT STN. 520+75 FT 5TN. 52178 FT STN, 52250 FT STN. 523+00 FT STN. 523+42 FT STN. 522+55 FT STN. 52366 FT
30-___ I J_ |-
- 26— H""'--..__ 7 foFILL -
- -~ 4_{FILL - SAND
— 2Ahom oense T~ / io MO GRAveL  71-|2ENSE.
25~ w0 vERy SILTY Tl / T - 524GRAVELLY
- 45| GRAVELLY SAND ~ . / 15 FINE SAND 100-{ SAND
- PO B B ikt ’ 4 ® 5%
L T oo ; .
202 15 | o o 20-FILL SAND, W/CLAY . O TmTT T T T T T T T - L - SAND AND ARAVEL FILL - FINE TO _ o 46JSAND AND CLAY sg.| " LAYER 1
= = 20| AND GRAVEL = FILL - DENSE GRAY = 5 —MEDIUM SANG == = 24 -
I 72 I 2Bl Q1T GREAMC 38| SANDY GRAVEL - s g suT : SILT 83
T sdpear ey T REa e Feereeee B SAND-- W GRAVEL oo Brremrremreerteeseeee o] SANBY-- GRAVELL-reremroomrersemers Rrossnes ---;—-=-SANDPSOME-SILT ----- Fracneed : B LR - Siﬁé"'s'iﬁ"[é; oy i T P LAYER 2
7 - = - = N 16 -
- 9 {sANDY SLT i =]SAND LAYERED w/sILT, SILT o SILT. GRAY SILT AND SAND 9. SLTY FINE SAND * SANDY SILTQ _________ e dwoon ... B oeeeemeemeeaee EQ:IABEE?ME ......... 12 1 SANDY..SILT....5 - eeren LAYER 3
B- o P JSCATTERED ORGANICS, 25-SILTY FINE SAND, SOME SILT ] T3s S D — TR ¥ e e Lo ] ? P I
- - ______________?..;?.:PDEE%BL—E;WE)E)B; """"""" 1o ] SEANS, GCTATIONAL ORGANICS ™ e fSiUTWIH woan 4 ] & - 15 . -
= ST SAND | Gy FRAGMENTS/LOG: 23 ' T|FINE_TO 'COARSE SAND ®
- B 20-] —{FINE SAND 5 B I 4 SAND
= e ofswo war 53 e swo i A e wo-{¥88 w swee
- 5 B 1sawn anp 435 {SLTY FINE SAND, PEAT MEDILM SAND P o “ —{BECOMES
s - 3 20 GRAVEL AND WOOD SCATTERED ¥ 5 50951 TY SANDY GRAVEL GRAVELLY
2 I 3 ] sANDY GRAVEL, A . 0] e 18 -| SCATTERED 3E-|saNDY GRAVEL 49
& 100 GRAVELLY B -JGRAVELLY SAND, Ieme 1o WOoOD PIECES 23 .- F-TIE S RTNT, W J— LAYER 4
= - SLIGHTLY SILTY C 27 325 ANDY GRAVEL 7. 6 JAND LOGS e emerrnmeen R
Z 5- 54-1SAND 414 MEDIUM SAND, 30 N B A T L& Ty sp_ND 86| DENSE
g - &3] 262 7Z-JSOME GRAVEL e F[NF_S_ANQPVITH.WODD ------------- Frommmemoomsnosnomrnnssammmmmn :'— 25 oo reemenimen s smmannar B ? LAYER 5
_ L T — fesnsmmemreraenn 7 " [ O —— )
WMo 51 25—15AND, SCATTERED. .. ,,2 ------------------------- 1o JORAVELLY SILTY FINE SAND I B B Peememen st 20 1 JEXTENSIVE ORGANIC
- 84. ] g7 gy 71 WOOD/ ORGANKSS 524 30_|SAND, WITH SILT LENSES . eemenneamrmnstrain s TR T : 354FINE TO 42-FINE SANDY
0- 51 2 - SILT/PEAT BASLTY CLAY, J——— SR 324 19 | MECIUM $AND s0SILT ML)
_ SANDY ST _g.o FINE-SAND™ 7 : 3 - 10 - SILTY SAND - GRAVELLY,
o Bsanoy sin L B o e S TY U SAND B Z J7TrRACE WooD 18
-------------------- GRAVELLY, : cLavey sanp 1 SILTY SANDY GRAVEL, 20— 8+
s 26 SILTY SAND s Jwrsit ' WOOD FRAGMENTS o]
- 22| 25-] 8 ~{SCATTERED THROUGHOUT B - 15
- | i 5 ~ISILTY SAND 2 i
- 25-5pOME WOOD :19 . 13 -
- N 15 -]
-10 19 ® SILTY, CLAYEY .
- 19 |SAND » LAYER 6
1% [ SU— 172+ enr ?
- " 24 ‘
- Freoeoars TR B R ae_:] — i ol N B4 SANDY GRAVEL, SILT BINDER,
15 105/ SANDY GRAVEL gﬁf\{ EfﬂD T e Froanenn o 54| OCCATIONAL COBBLE AND BOULDER
JGRAY SANDY
- 66 5071 60
- 47 GRAVEL
- 51 .
- 5176 !
-20—
54764
Notes: 3
1. Soil Iayenng is based on interpretations from soil test hole logs and
engineering judgment. Actual conditions within and between
test holes could differ from those indicated.
2. Water table elevation based on maximum estimated conditions.
Actual elevation could be as much as 3 meters below identified elevation.
Legend Key:
~9=-71=—TEST HOLE DESIGNATION
TEST HOLE: B_gll (EAST’; NUMBERS ARE YEAR DRILLED)
IS S —GROUND LINE
. ~WATER TABLE Figure 5-2
21 SPT SAMPLE LOCATION
AND BLOWS PER FOOT - -
....... P o PPPROKWATE SOLL LAYERNG Soil Profile For
T~ UhosTLRBED SkwpLe Bridge No. 167/112 E Ramp
Geotechnical Report
o = 19 15 SR-157, OL-2305
SCALE: 1"-10M 15th Avenue, SW To 15th Avenue NW
) HOV Widening Project cHznnHl LL
ToToA.GA | FILC NAME: T0-FES-1088  G7'3350
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Project: SR-167, CS 1765/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST HOL

E LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: R. Devulapally/Terra

Sample Soil Description Comments
Standard
_g_' E Pe“_?“iﬁ"” Soil name, uscs group symbol, color, Depth of casing, drilling
3 "J e B e Rezﬁlts moistura content, relative density or rate, drilling fluid loss, tests
£ & g 3 = % consistency, soil structure, mineralogy and instrumentation
BE | & Ep [ oo
aon £ |z2gid (N)
Elevation: 23m Location: Sta. 158+72m; Offset 9.5m R of GL Test Hole H-4-97
Start: 12/08/97 Finish: 12/11/1997 Water Level: 20.7m
Sheet 1 0of 4
] _|Started drilling at 12:30 pm
i _|using wash rotary with 4"
| _|casing |
50 |140-|8-1| 05 | 10-9-11 |SAND, (SP), black to gray, medium dense; N
| 55 with trace of clay and gravel (FILL) |
100 ] 9.0-| S-2 | 0.6 | 7-10-10 |SAND, (SP), gray, medium dense, with | N
| 105 some gravel and silt i i
| _|Driller reports drilling through |
15.0 |14.0-| 83 | 0.2 9-8-7 |GRAVEL, (GP), black, medium dense, gravels and cobbles. losing |
] 155 some sand ~_|considerable return water
200 119.0-| S-4 | 0.9 | 2-4-3 |[SILT, (ML), black, wet, medium dense, _| ]
1205 some sand i |
25.0 |24.0-| 85| 1.1 | 10-13-16 |SILTY SAND, (SM), fine, black, wet, ]
| 255 medium dense N i
| _|Stopped drilling at 4:00 pm |
| _|Resumed drilling at 7:30 am |
30.0 |209.0-| S-6 | 1.0 | 5514 |SILTY SAND, (SM/ML), fine, black, __|on 12/09/97 |
| 80.5 medium dense, some silt seams, with B i
| organics | |
35.0 134.0-| 87| 1.5 | 9-9-11 |SAND, (SP), fine, black, wet, medium |
NOTES:
1) Test hole located below N-E Ramp bridge 14' west and 9' north of southern pier on shoulder of ramp
from EB 18 to NB 167
2) All blowcounts recorded with WSDOT automatic hammer
3) Water encountered in test hole at approximate elevation 20.7m on 12/09/97 and 20.6m on 12/10/97
1 foot = 0.3048 meters
1 inch = 25.4 milimeters

WSDOTBH-4.xls
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Project: SR-167, CS 1765/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: R. Devulapally/Terra

Sample ‘ Soil Desctiption Comments
> Standard
o Penetration | gjf name, uscs group symbol, color, Depth of casing, drilling
T E Test . . . L :
o o _ .2 % Results | MOIsture content, relative density or rate, drilling fluid loss, tests
£ - g 3 = 3 consistency, soil structure, mineralogy and instrumentation
% ‘g [ g b 8 ;“ B"-6"-6"
= c L
o w = |Z @il < {N)
Elevation: 23m Location: Sta. 158+72m; Offset 9.5m R of CL Test Hole H-4-97
Start; 12/08/37 Finish: 12/11/97 Water Level: 20.7m
Sheet 2 of 4
| 355 dense, some silt seams, trace of gravel | Driller reports encountering |
| _|gravels at about 38' |
40.0 ]39.0-| 5-8 | 0.7 | 15-25-18 |[SAND AND GRAVEL, (SP/GP), black, | O
1 40.5 dense, some silt | |
45.0 |44.0-| S-9 | 0.5 | 12-10-10 |SAND AND GRAVEL, (SP/GP), black, | B
| 455 medium dense, some silt ] |
50.0 |49.0-/8-10] 1.3 | 17-19-11 |SAND, (SP), fine to medium, black, dense, | ]
| 50.5 with gravel and some silt ] |
55.0 |54.0-|8-11| 1.2 | 5-11-16 |SAND, (SP), fine, black, medium dense, | N
| 55.5 some gravel ] 1
: :Switch to 3" casing with wire :
| _|line wash rotary |
60.0 [59.0-18-12| 1.1 | 31-31-41 |SAND, (SP}, black, very dense, with .
| 80.5 gravel and trace of silt i i
65.0 |64.0-S-13| 1.0 | 14-12-11 |SAND, (SP), fine to medium, black, _|Trace of clay |
| 65.5 medium dense, some gravel, trace of i |
| silt i i
70.0 169.0-|S-14] 1.0 | 22-16-16 |SAND, (SP), fine to medium, black, dense, | |
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-4.xls
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Project: SR-167, CS 1765/8, OL-2305

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: R. Devulapally/Terra

Sample Soil Description Comments
= Standard
s Pe“Te""‘}[ﬁO" Soil name, uscs group symbol, color, Depth of casing, drilling
EB e _ =g Rezjlts moisture content, relative density or rate, drilling fluid loss, tests
S & g 3 iy % consistency, soil structure, mineralogy and instrumentation
% E P_’! g E 8 ";‘- Blt_sil-ﬁll
Qo £ |Zget (N)
Elevation: 23m Location: Sta. 158+72m; Offset 9.5m R of CL Test Hole H-4-97
Start: 12/08/97 Finish: 12/11/97 Water Level: 20.7m
Sheet 30f 4
| 70.5 some gravel n 1
i _|Stopped drilling at 3:45 pm |
N _iResumed drilling at 8:00 am |
75.0 |74.0-18-15| 1.5 | 3-5-10 |SILTY CLAY, (CL), black, medium stiff ~_ jon 12/10/97 B
| 755 (top 12") and SILTY SAND, (SM), N |
] fine, black, medium dense, with silt (bottom |
] 6") _| Driller notes gravel seam
i |at 77 |
80.0 |79.0-|8-16| 1.5 2-2-9 [SILTY CLAYEY SAND, (SP/SM/SC), | B
| 80.5 black to gray, medium dense, some gravel | i
| _|Considerable loss of wash |
i _|water N
85.0 |84.0-|S-17| 1.5 | 222 |CLAYEY SAND TO SANDY CLAY, (SC), | N
| 855 black to gray, loose, with some gravel |
90.0 _j 89.0-(5-18| 1.5 3-2.3 |CLAYEY SAND, (SC), black, loose, with | N
1 805 silt and some gravel a ]
95.0 |94.0-|S-19| 0.4 | 3-2-3 |SAND TO SILTY SAND (SP/SM), black, | 7
| 855 loose, trace of grave! ] |
100.0 |99.0-|S-20| 1.5 1-3-2 [SAND TO SILTY SAND, (SP/SM), gray |
1100.5 to hiack, loose, some clay and gravel ]
| |Loss of return water |
105.0 [104.0-S-21| 1.5 7-5-4 |SANDY CLAY, {SC), gray, soft, some “|Pocket pen = 0.75 tsf
NOTES:;
1 foot = 0.3048 meters
1 inch = 25.4 millimeters -

WSDOTBH-4.xls
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Project: SR-167

CS 1785/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: R. Devulapally/Terra

140.0

END SOIL TEST HOLE AT 120.5 FEET

“IStopped drilling at 4:30 pm

Sample Soil Description Comments
Standard
3 E Pe”_l‘?;ratﬁon Soil name, uscs group symbol, color, Depth of casing, drilling
8 Y R ] 5 Resjlts moisture content, relative density or rate, drilling fluid loss, tests
£ & g 3 el = consistency, soil structure, mineralogy and instrumentation
R | 5 |E|Ep[Fee
awn E Z25i0C= {N)
Elevation: 23m Location: Sta. 158+72m; Offset 8.5m R of CL Test Hole H-4-97
Start: 12/08/97 Finish: 12/11/97 Water Level: 20.7m
Sheet 4 of 4
|105.5. gravel and silt ] |
110.0 _:109.0 {s22| 1.3 | 15-8-11 {CLAYEY SAND TO SANDY CLAY, (SC), _: |
| 110.5 gray, medium dense, medium stiff, some | |
| gravei | |
115.0 __1 14.048-23| 1.5 | 4-3-11 [SILTY CLAYEY SAND, (SC/ML), gray, |
11155 medium dense, some gravel ] |
120.0 _—1 19.0- 5-24 10-23-35 !SAND AND GRAVEL, (SP/GP), gray to i ]
120.5 black, very dense, some silt | |

on 12/10/97

NOTES:

Installed piezometer. Total length 50",
spacing. Sand pack located from 36' to 50' bgs. Top 38 of piezometer 1
from 10' to 36" bgs. Quickerete from 0 to 10". Locking cap located at ground surface.

Bottom 2' solid casing {1"). 10' of screen with 1/32" slot at 1/4"
" solid pvc casing. Hole plug

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-4.xls
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Project: SR-167, CS 1765/6, OL-2305

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Logger: R, Devulapally/Terra

Sample Soil Description Comments
Standard
E = Pe"_?"ratm” Soil name, uscs group symbol, color, Depth of casing, drilling
e o) 2 est moisture content, relative density or rate, drilling fluid loss, tests
m o - |5 25 Results ; ' Y ' g '
£ & g & 22 consistency, soil structure, mineralogy and instrumentation
2E | 5 (52 B[ e
oo | £ |Zac/dk (N)
Elevation: 21m Location: Sta. 159+25m; Offset 11.6m R of CL Test Hole H-5-97
Stari: 12/04/97 Finish: 12/04/97 Water Level: 18.5m
Sheet 10of 2
| _|Start drilling at 9:00 am
| _|on 12/04/97 using 4" HAS |
: 3.0-| 81| 08 6-3-2 |SAND AND GRAVEL, (SP/GP), brown, :
50 | 45 moist, loose, trace of silt (FILL) |
| 80-|82| 06| 389 SAND, (SP),black, moist, medium dense ]
100 | 9.5 some gravel and silt B N
113.0-| 53 | 0.4 1-0-3 |SILTY SAND, (SM), fine, black, moist, ]
15.0 | 145 loose, wood fragments ] N
: 18.0-; 84 | 1.3 3-4-5 |SILTY SAND, (S8M), fine, black, wet, loose,: Water encountered at about |
20.0 _| 195 wood fragments e ]
123.0-| 85| 15 2-1-3 SILTY SAND TO SAND, (SP/SM), black, :
25.0 1245 wet, very loose, silt seam from 23.5' to
] 24' ) -
|28.0-| 56| 1.5 | 53-2 [SILTY SAND, (SM), black, wet, loose, some i
30.0 | 285 silt seams | ]
|33.0-| 87| 1.5 | 4-4-2 |SAND, (SP), fine, black, moist, loose, trace | i
35.0 34.5 of silt, wood fragments
NOTES:
1) Test hole located below N-E Ramp bridge 10" west of 2nd pier from north and 4' south of southern pier ¢
north abutment and 4' south of barrier between WB 18 & ramp off WB18
2} All blowcounts recorded with WSDOT automatic hammer
3) Water encountered in test hole at approximate elevation 15.5m. By end of drilling water at 18.5m.
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTEH-5.xis
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Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Project: SR-167, CS 1765/6, OL-2305  Drilling Contractor: WSDOT
Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig Logger: R, Devulapally/Terra
Sample Soil Description Comments
= Standard -
in Penetration |5l name, uscs group symbol, color, Depth of casing, drilling
v — Test . . . . ;
0 o o gl Results |MOIsture content, relative density or rate, drilling fluid loss, tests
£ 8 g 3 = % consistency, soil structure, mineralogy and instrumentation
55 5 Ep|p[Ewe ,
[al’) £ Zao|dk (N)
Elevation: 21m Location: Sta. 159+25m; ofiset 11.6mRotc. | Test Hole H-5-97
Start: 12/04/97 Finish: 12/04/97 Water Level: 18.5m
Sheet 20f2
188.0-| 58| 1.0 | 1-2-3-5 |SILTY SAND, (SM), fine to medium, black, ]
40.0 | 40.0 wet, loose, wood fragments | _
"143.0-| 5-9 | 1.5 | 4-6-6-3 [SILTY SAND, (SM), fine to medium, black, | ]
45.0 | 45.0 wet, medium dense, wood fragments, ]
| some peat _ -
148.0-|810| 1.5 | 5-6-8-8 |SILTY SAND, (SM), fine to coarse, black, | ]
50.0 | 50.0 medium dense, wood fragments, some ]
| gravel | |
] END OF SOIL TEST HOLE AT 50.0 FEET |Stopped drilling at 12:15 pm |
i “|on K2112/4/1997 }
550 | ] ]
80.0 _| ] ]
65.0 | ] ]
70.0 ] |
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-5.xIs
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Project: SR-167, CS 1765/6, OL-2305
Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Proj. No.. 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Logger: R. Devalpally/Terra

Sample Soil Description Comments
Standard
t_ga E Penetration | gaii name, uscs group symbol, color, Depth of casing, drilling
D — Test . . . . ;
fo | _ |=8 2 Results | MOisture content, relative density or rate, drilling fluid loss, tests
£ 4 g 2 = 2 consistency, soil structure, mineralogy and instrumentation
S| § (53|8g[ 0w
o0 E 2|l (N)
Elevation: 23m Location: Sta. 159+40m; Offset 8.5m of CL Test Hole H-6-97
Start: 12/15/97 Finish: 12/16/97 Water Level: 21m
Sheet 10f 3
| _|Start drilling at 2:00 pm
] _|using 4" HAS |
50 |50-|81) 10/} 510-15 SILTY SAND TO SAND (SM/SP), fine to _i n
| 65 medium, brown to gray, moist to dry, _|Driller notes cobbles blow 5" |
B trace of gravel and vegetation (fill) | |
100 |10.0-| S-2 | 1.1 | 5-16-20 SAND AND GRAVEL, (SP/GW), fine to 7 N
| 105 medium sand, fine to coarse gravel, |
N brown to gray, moist to dry, dense, some
| silt, trace of vegetation (FILL) _|Wet cuttings at 13’ but no
| _|groundwater |
15.0 |15.0-| §-3 | 0.4 6-2-3 |SANDY SILT, (ML), fine, dark gray, loose, | N
1 186.5 occasional seams of fine sand, trace of |
| vegetation ] |
i _|Groundwater at 18’
20.0 |20.0-1 S-4 | 1.5 | 67-9 |SAND,(SP), fine, black, wet, medium | N
| 21.5 dense, some silt, 1" gravel particle |
250 |25.0-| S5 | 08| 344 SAND,(SP),fine, black, wet, loose, some_ |
26.5 silt _|Heave in augers. Washed
| |out i
30.0 |30.0- S6 | 05 4-4-4 |SAND, (SP), fine to medium, black, loose, .
1315 with wood fragments i )
35.0 T135.0-| 87| 0.8 | 8-12-10 [SAND, (SP), fine to medium, black, Stopped drilling at 4:00 pm |
NOTES: :
1} Test hole located below N-E Ramp bridge 17' west of west column at toe of abutment slope
2) All blowcounts recorded with WSDOT automatic hammer
3) Water encountered in test hole at approximate elevation 17.5m on 12/15/97. Measured at 21.5m on
12/16/97
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-6.xls



-

—

1

,___;

L—.M_,. e I_.r_.f {:k _; || {___ﬁ g

S

A
]
CHMHILL

]
Project: SR-167, CS 1765/6, OL-2305

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Logger: R. Devalpally/Terra

Sample Soil Description Comments
. Standard
- Penetration |54l name, uscs group symbol, color, Depth of casing, drilling
O ~— Test . . . s .
mn o e g % Resuts | MOIStUre content, relative density or rate, drilling fluid loss, tests
£ & g a2 2 consistency, soil structure, mineralogy and instrumentation
5 5 L fpieee
aep | E Zaxlk (N)
Elevation: 23m Location: Sta. 158+40m; Offset 8.5m of CL Test Hole H-6-97
Start: 12/15/97 Finish: 12/16/97 Water Level: 21m
Sheet 20of 3
| 365 medium dense, with 4" wood fragment ~_|Resumed drilling at 8:00 am |
40.0 __ 40.0-) 3-B | 06 8-7-9 |SAND, {SP), fine to coarse, black 1o ; Heave in augers. Washed __
1415 brown, medium dense, some gravel, traces |out to sample |
| of wood | |
450 [450- S-9| 04 | 3-68-10 |SAND, (SP), fine to medium, black, _|Heave in augers. Washed |
| 46,5 medium dense, with wood fragments _|out to sample |
50.0 ]50.0-/S-10| 1.1 | 1-2-4 |SAND, (SP), fine to medium, black, loose, |Heave in augers. Washed _|
i 5156 - |trace of gravel, fine sandy silt seam from _jout to sample. Seated |
R 51.2' to 51.5', with wood fragments _|spoon 4" to sample |
55.0 __ 55.0-/S-11| 0.7 | 1-4-10 |SAND, (SP), fine to medium, black, _ﬂ: Heave in augers. Washed __
| 56.5 medium dense, some gravel _|out to sample |
60.0 |60.0-|S-12| 0.8 | 2-3-8 |SAND, (SP), fine, black, medium dense, _|introduced column of ]
| 61.5 some silt _|water to resist heave |
650 |65.0-|S-13| 1.4 | 2-4-4 |SAND TO SILTY SAND, (SP/SM), fine, _|Introduced column of ]
| B6.5 black, loose - _|water to resist heave
70.0 |70.0-|S-14| 0.4 | 2-14-18 |SAND, (SP), fine, black, dense, some silt | Introduced column of )
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-6.x)s
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Proj. No.: 116184.G4

SOIL TEST HOLE LOG
Project: SR-167, CS 1765/8, OL-2305 Drilling Contractor: WSDOT
Driliing Method & Eguipment: Longyear BK-80 Truck Mounted Rig Logger: R. Devalpally/Terra
Sample Soil Description Comments
> Standard
in Penetration |ni| name, uscs group symbol, color, Depth of casing, drilling
T — Test . . . - ;
0 o _ L 8 % Results moisture content, relative density or rate, drilling fluid loss, tests
£ & g S 3 consistency, soil structure, mineralogy and instrumentation
8— ‘g 9 g -E 8 ﬁ‘ GII_BII_SII .
am E |ZaclL (N) .
Elevation: 23m Location: Sta. 159+40m; Offset 8.5m of CL Test Hole H-6-97
Start: 12/15/97 Finish: 12/16/97 Water Level: 21m
Sheet3oi 3
1715 _|water to resist heave
75.0 |75.0-|S-15| 1.5 | 4-6-4 |SANDY SILT, (ML), fine, black, loose, _|introduced column of
| 76.5 seam of fine 10 medium sand _|water to resist heave
80.0 |80.0-|s-16| 0.6 | 7-8-12 |SANDY SILTY, (ML), fine, black, medium _|Heave in auger. Washing _
| 815 dense _|out. Seated 12" after
j _|repeated aftempts to
i : _|wash out heave
| END OF SOIL TEST HOLE AT 81.5 FEET |Stopped drilling at 1:30 pm
85.0 | _lon 1216/97
90.0 | N
85.0 | N
100.0 | ]
105.0 |
NOTES:

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-6.xls
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Proj. No.: 116184.G4

i

HIL SOIL TEST HOLE LOG
Project: SR-167, CS 1765/6, OL-2305  Drilling Contractor: WSDOT
Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig Logger: R. Devulapally/Terra
Sample Soil Description Comments
Standard
3 E Penetration | 5j) name, uscs group symbol, color, Depth of casing, drilling
T — Test . \ . . .
0 o =2 g Results | MOisture content, relative density or rate, drilling fluid loss, tests
£ 8 g 2 I consistency, soil structure, mineralogy and instrumentation
2 5 (ER|fp e
= X7 E |2 (N)
Elevation: 30m Location: Sta. 159+57m; Offset 8.8m R of CL Test Hole H-7-97
Start: 12/04/97 Finish: 12/05/87 Water Level: 24m
Sheet 10of2

Started drilling at 2:30 pm
_|on 12/04/97 using 4" HAS

50 |4.0-|S1]| 04| 813-11 |SAND AND GRAVEL, (SP/GP), black,
5.5 medium dense, with vegetation (FILL)

10.0 |9.0-| S-2 | 1.2 | 5-16-14 |SAND AND GRAVEL, (SP/GP), fine,
10.5 brown, medium dense (FILL)

150 |14.0-| 83| 15| 3-7-8 |SAND AND GRAVEL, (SP/GP), brownto |
| 15.5 gray, medium dense, trace of clay, some
silt (FILL)

200 119.0-| S4 | 02| 2-4-5 |SAND AND GRAVEL, (SP/GP), brown, _ |Water measured at 20'
20.5 1 loose (FILL) _|on 12/05/97

250 |24.0-| 85| 1.5 | 7-16-30 |CLAYEY SAND, (SC), brown to gray,
25.5 moist, dense to hard, with gravel

30.0 |20.0-| 86| 1.3 | 14-13-11 |SILT, (ML), gray, medium dense, compact, | -
| 305 some clay, trace of sand and gravel _|Resumed driliing at 8:00 am |

35.0 [34.0-] 8-7 | 1.2 | 30-27-39 |SAND, (SP), brown 1o black, very dense,
NOTES:
1) Test hole located about 9' east of the west edge of the north abutment of NB 167 over SR18
north abutment and 4' south of barrier between WB 18 & ramp off WB18

2} All blowcounts recorded withWSDOT automatic hammer

3} Water encountered in test hole at approximate elevation 24m at 8:00 am on 12/05/97
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-7 xlIs
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Project: 8R-167, CS 1765/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST HOL

E LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: R. Devulapally/Terra

Sample Soil Description Comments
) = Standard
o Penetration | 5ol name, uscs group symbol, color, Depth of casing, drilling
o — Test \ . . op "
o o .9 g Results moisture content, relative density or rate, drilling fluid loss, tests
= 8 g 2 oy 2 consistency, soil structure, mineralogy and instrumentation
% E 9 g -E 8 r;“ 6"-6"-6"
=7 £ |Z2cict (N)
Elevation: 30m Location: Sta. 159+57m; Offset 8.8m R of CL Test Hole H-7-97
Start: 12/04/97 Finish: 12/05/97 Water Level: 24m
Sheet 20f 2
| 355 some clay and gravel ] 1
400 [39.0-| S8 | 0.2 | 588 |SAND, (SP), black, wet, medium dense, | N
| 40.5 with gravel i ]
] END OF SOIL TEST HOLE AT 40.5 FEET |Stopped drilling at 10:00 am ]
| “|on 12/05/97 ]
45.0 | N ]
50.0 | _ _
550 | _ |
60.0 | ] ]
650 _ ]
70.0 i ]
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WEDQTEH-7.xls
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PARTICLE SIZE DISTRIBUTION TEST REPORT

in.

c £ 2 3 c f E s o =) =] 2 g B
= " T - F 58 b = g I 2 E & a%
100 ; : :
A uy SR
0 «~-::%
80 \'\\
70 - N
N
i
Z 60 :
- N\
E 50 : : : : \ \L\
[HT} . :
O ]
X a0l ; ‘
o \ .
‘ ™
30|— ; \ N
20| \
10 1,,“0
o} i ‘ i H i
200 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY USCS AASHTO PL LL
O 10.0 33.2 SP-SM
| 8.6 61.2 SM
SIEVE PERCENT FINER SIEVE PERCENT FINER S0IL DESCRIPTION
inch b O Poorly graded sand with silt
|r:.;z:5 o O nusteer o O oorly graded sand with si
5 100.0 100.0 #4 90.0 91.4
375 92.8 96.1 #10 86.9 8l.6 . [1 Silty sand
#20 79.6 70.6
#40 558 50.1
#60 30.0 49,1
#140 9.3 347
#200 6.8 30.2
GRAIN S1ZE REMARKS:
Do 0.466 0.446 o
Dap 0.250
D1g 0.113 o
COEFFICIENTS
Cq 1.19
Cy 4,12
o Source; H-4 Sample No.: 11-8 Elev./Depth;
01 Source: H-4 Sample No.: 17-S Elev./Depth:

Client: CH2ZMHILL

SOIL TECHNOLOGY, INC. | Proet SR-167, OL-2305

E Ramp
Project No.:  J-1120 Plate _ 1
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PARTICLE SIZE DISTRIBUTION TEST REPORT

Ha—
[

J

—
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c 15 53 o £ £ =] o o o 8 e g
i - = 5 g 3 2 E 5 8
100 : “T LT ' :
90 ‘ AN
I
80 - \ \‘
\ \
70 \\ ‘ \
@ ™
wl
Z 60 \l
E s0 \
i i
O
% 40 :
o \\
a0
20 \
10
]
200 10D 1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY Uscs AASHTO PL LL
< 19.5 74.9 SP-SM
] 4.0 90.8 SP-SM
SIEVE PERCENT FINER SIEVE PERCENT FINER SOIL DESCRIPTION
inch bel C Poort ded sand with silf and 1
_In;z:s O m| nusr;;e r 0 o o0rly graded sand will silf ana grave
1 100.0 #4 80.5 96.0
a5 94.6 #10 75.4 91.9 0 Poorly graded sand with silt
5 02.5 100.0 #20 66.6 83.6
375 86.1 98.6 #40 57.9 56.0
#6() 38.9 26.6
#140 10.1 10.6
#200 5.6 5.2
GRAIN SIZE REMARKS:
Dso 0.467 0.457 o
Dap 0.201 0.269
D1o 0.105 | 0.101 Ll
COEFFICIENTS
Ce 0.82 1.57
Cu 4.43 4,52
© Source: H-5 Sample No.: 9-8 Elev./Depth:
1 Source: H-6 Sample No.: 10-5 Elev./Depth:

SOIL TECHNOLOGY, INC.

Client: CI2MHILL

Project: SR-167, OL-2305
E Ramp

Project No.;_ J-1120

Plate
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CH2MHILL
SR-167, OL-2305
E RAMP

Table 1: % Finer than .75 micron

]

Soil Boring No. Sample No. % Finer than .75 micron
H-4 6-S 87
H-5 4-S 24
H-7 5-S 22
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Soil Technology™ Ine.
J-1120
Page 1
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Project Ne. :
Location @ Au

Project : E=Romp

SR~167,0L-2305
burn, WA

Dote : Mon Jon 12 1998

PLASTICITY INDEX, P
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\ N “\‘ \ _mmuse cwelrmpcTion l VLY - \ SUPERELEVATION TRANSITION ~ ENS_RAMP
s pesmimaror hew e g sluon s e e o von g pegloiil g sl upeauer mppvemigm. v ooy oy ;g phamdrd arupu Grundor s : S ’ s |
\ } =% mdeter == _GENERAL NOTES

&7\ LM IEIEBLLT BT ™ A/ maderial and work Shok ba irt accordance wih e reguramentd of
\ l.,é\ : 'f,-‘ X 782+ 58,37 AOC. \ Eﬂ Loe S22¢ £4.56 PAT. > The State of Washing?or, Daparfmand of Miphways, e SpeciRicartions
\

NS BriBo Ro.c. eas Mola HE . For Road' and Bridge Construchon, datad 19€9. .
£\/ \ $ # Footing ela ‘ore ary subavruicrure oeatas/s ars subdacy Yo cf_;q-rya
B8R IG7  dapanding upon Rundarior material ercournterad. Rainforeing aree/ Yor

Lins a Faad il -1 3-8
h; \m‘m'lo'mml Tangent) £o0Ving8, COlmng ond wals shaj ot ba cut urn?it final foolrng elvariorrs
'G‘gn, \  avomeer T / have bean detarminad in the Fald, and Subsiructurs devaild have: been
\ Tdge of Parin e modifiad as regquired.
R 7 oass (A o‘”d_,,‘-’;;’ el , Tha concrers in Fhe Foolings of al piere and The walls of Fioro No./ ¥ &
e R Wooniyffciontivl i Y ahall ba Class B mix, Al o?her castin place concrers shall be C/asa AX mix.

File Bragie # Proot P \ \ A\ }T\ oy | W o K
. 0T Oy
(4 Petura ige # Pavk) 1y spovsase RAT 2\ X Nzocar T\ A |
. Ddied I8 Fo.c. | \ \ ‘ \
ELEEPFIET TS TS L Lot PR e A AR E G AT R T AR SRS = e
| v W e iy i e The roadway sfab wirkiz each aparr shall ba pleced it de Continuous
% Tasy Hoie A-4 W 7 RLACTION v ‘i pour. For Seguarce of coratructior and related informar/on see “Cormnor:
A —_— SN W Y VO W . W, V. WO IO T2 WL W . 3 m : Datarisahast Falsoword dhallbe coverully refeasad 7o praven? wnpac?
0

2

)

Jﬂ: v U ___ - , = R ———— ———— or wnave STrassen iz Mg slructure,
o p 200" ] soio~ h - sso" o sro- Trra maximum design dov] preasure per sguare foot i Wirae (3) Yons

— e ' \ ‘ : o Y For Piara No. /¥ 8.
Z= pza\ \ \ 3030" sk to BboF Puv \ N\ -V ‘Each pris off Pire No.& Mru 5 Shall be driven 1o a depth sufficient 1o

/ § \ e st Aols AZ v \ \ dievalop a minimusy load bearng capacily of Fifty-five (55) Tons.
d %a ers
4! L) b

LAST BRID&GE \ Unless orfbarwise ahower on FRa pland, concrors cover measured from The
I, U, boFtorn of footings and /¥ ar all orber lecarions.

Faca oF The concrofe Yo The Rrce of any reinforcemen? bar shall be £ ar The
\ W\ ‘g ‘ '\\ \ . W\ o ] . _APPROXIMATE g(/&NT‘ITI;,g
A\ /77 AN AaE™
® ' ®\2 ¢

Slooe

0.0/ Y.

L. -

Tor of the roadway Slab, I°ar fhe bottom of the roadway slab,2f af 7he
\ Structura Excaviy/on Class A . €10 | hI00 | Cuw.Yols.

Furnishing and Driving toncrete Test Piles (85 Tors Capacity); 4 4 | Only
ﬁzrm:s);wép Concrets HW%(” 7 Capacity) 2,100 | 3,050 | Lir FY
DOriving Concrerts Ales 7om c;zpnci:‘yjy- &0 3¢ | Oy
SToe/ Reinforsing Bars 43,700 |B000 | LS.
Concrars Class O ’ 60 280 | CuYils,
Concrare Class AX : 55 75 Cu. Yois,
Buparstrucrura~3R 18 Ov g, Lasr Brioge L.8. — Lump Sun?
Superstructurs ~2R B Ovarcrosaing, Wesy Driclge — L8, | Lunp Sum
Dowrnsoowurs a2 50 Lir. F7.

Weadar Raducing Additive £s#| 880 | 8e0 | Dollars
Rermovirg Porviorns of Exiaring Strucrura L3, | LumpSurz

OADING ¢ ME-20 _OR
TWO 24X AXLES @ @' CTRS,

PLAN

Ads. &
SfuLut SEEr 8744
&L 5808
Nu. Ly EEe 8544
onikl 58.80

:
3
5

3
o
o
]
L

:
a
i

Gri 27.58.67
Bhof Payh 8eart
Her No. &

ol BariNoe. 5

Nai
Ly, U

W aRIDaE ———%

FoeNa./

SR 167 MP 12,77 TO MP 14.73

&
EFAST BRIDO & ———tnmn i "
g v 15TH ST. S.W. TO W. MAIN ST. IN AUBURN

Bbaf Pavk Seat
PorNol
S ln SEOr2.54
GrELo07¢
Malm 55,54
ar £.08.53
o+ Frer No.5
B ZH A5
ar£.98.84

& Sar Mo, £

LAYOUT

L Cunc. Bl Typ. Piars No. 2,54 4 5.

——— o October 4, 1971
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m 151-003 (H, E. 26,64}

U-021-1(3) - 1971

-avited 5:47). WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS Copy 16 e ‘
LOG OF TEST BORING .

S.H SR 167 Section.. Wesh Auburn Interch. SR 167 Job No. ... k23598,
Hole No.__ A=k Sub Section..SR.18.0'Xing E. Bridge Pier #1 - Cont, Sec. ..176303
Station.... 1M 920721 Offsct... 42! Rt € ... Ground EL. . 6%
Type of Boring.Wash EBore Casing..3" X 415" . . O WT.EL 6u .
faspector. Date.. April 20 to 28, 1971 Sheet oo . of .. 3.
SeptH BLOWS |, pROFILE ToaE s, DESCRIFTION OF MATERIAL

£ |4 4
E ¢ | U-1 || SILT -~ Brown, organic
I
EF PEAT - Dark brown
SAND - fine to medium, gray, layered with .
1 i‘ Std. _
5 - 2 Pen || SIIT. scsttered organic matter
7 .
5 .
8 92 Possible scattered wood fragments &/or
logs
10 Ay & U-3
DEC
.
5 std.
14 ) Pen
10 ¥ b ~
15 A ys
C
Do
g &
7 Std.
17 10 Pen
5 w6
3 $ U7
J 167 HMP 13.77 to MP i&4.73
15th St. S.W. to W, Main St. in Auburn - Log of Test Borings
45 of 88
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Revised 5.87.

Hole No

| 4WY Form 351.C02.a [H. F. 26.66-A}.

A-U

East Bridge Pier #1

Sheet 2

Sub Section

BLOWS
wePTH PER FT,

PROFILE

SAMPLE
TUSE NOS.

DESCRIPTICN OF MATERIAL

30

25

L]

4]

30

np
o

35

s
-

Lo

C &
e

_|U—7
0 4

SAND - fine to medium, gray, layered with

silt, scattered organic matter

1
15 std.
15 Pen

possible scattered wood fragments & or

9 <
8

logs U

B A U-9

10
10 Std.

10 Pen

9 Pen

11 Std.

SANDY GRAVEL & GRAVELLY SAND,

SLICGHTILY SILTY

GRAY

U-13

8 oStd.
11 Pen

1k

18
16

20 Pen
28 wib

45

SR 167 MP 13.

77 to MP 14.73

15th St. S.W, to W. Main St. in Auburn

U-021-1(3} - 1971

Log of Test Borings

Lée of 88
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-5 Form 351:002-a {H. F, 26.86-A)

Rewised 5-67.
Hole No A-L Sub Section East Bridge Pier #1 Sheet 3 of
—urTH | pows PRCFILE TominE OESCRIPTION OF MATERIAL
1 16 T Std.
] )in 18 Pen || SANDY GRAVEL & GRAVELLY SAND, SLIGHTLY
Tl 23 ‘L ‘ .
26 17 SITIY GRAY
59
3 s
16 4 Std.
. 26 17 | Pen
17 ¢ 19
55 i .
E 17 T Std. .
aq 13 'Pen || SAND - thinly scattered gravel, gray
= 12 R
. 18 w20 || p¥®EEered wood & organic matterw
60 1
4 A Std.
18 9 | Pen
9
9 w21
:& STIT - Orgapic, brownish gray, leyered with
65 extremely fipa oray ssndv si1t & hrovn
8 T Std.
1k & Pen_li_pesat
3 08
11 22 Sandy si1t & s11ty send = grey with pgrgenie
matter & scattered gravels
1
3 I

SR 167 HP 13.77 to MP 14.73

156th St. S.W., to W. Main St.

U-021-1(3) - 1971

n Auburn

Log of Test Borings

L7 of 88



=
|
|

=W Form 351-00)-a [H. F, 26.86-A).

l Reviked 5:47.
%m: .e No Al Sub Section East Bridge Pier #1 Shcct--_______.l'!‘ _________ of o 2o,
e tH géRO"FVTS_ PROFILE m‘;@*:‘g& DESCRIPTION OF MATERIAL
E T U-23 69" gravelly silty sand - fine to
— 11 coprse sand, gray, silty, gravels
i : i Std.
- 17 10 Pen || scattered throughout
17
— Y o
. '
75
”7'
0
j!
]
! 8o
10 T Std.
{ "o ) Pen
| i 2¢
_ 22 25
L
= 6 T Std.
_en 7 Fen
T A
! 7 wy 26
§
190 _
‘ 4 4 5td.
"y 5 | Pen
- - 6
I > e
i
.

[
‘ | 167 MP 13.77 to MP 14.73
L1 15th §t, S.W.

U-021-1{(3) -
P

t
|

1971

to W. Main St.

In Auburn . ' lLog of Test Borings

L8 of 83



T IY Form 351.C03-a [H. F. 26.68:Al.

‘ Ravised 5-67.
»

| etle No._AH Sub Section__.East Bridge Pier #1_ Sheet.... 2. Of oD e
pren e pLows PROFILE T&;E"‘:,'-gsv DESCRIPTION OF MATERIAL

—

| 11 4 Std.
. R & Pen || GRAVELLY SITTY SAND - fine %o coarse sand gray

e
- 13

1 13_%y 28 silty, gravels seattered throughout

j
M
L1

100

‘3 7 & std.

: bl 11 Pen
L 10 )
[: T wy 29
[j }g 104! harder, appears to be same material

' _

- 105 larger gravel & vossible more gravel

; 59 & Std. '
[: " 15 | Pen

) s 26 | ,

= ji 50 ~r 30 107! meterial, very dense, extremely hard
- _ ' '
LJ driving cesing, lost all weter on top of
| hard laver et 107', 107'6" most 811 the weter
E 110 back

55 b Std. : . : - R

WW 105/6" 105 | Pen || 107® Sandy gravel, silty binder, greenish gray

: 26 . ‘
L 50 2k fL 31 Very dense, possible thin layers cemented
¥
l i
= No water lost in hole 0O' to 107°
F] 115 - A1l sarples dsmp to wet
(U] 31} & .

£r 32 Logs &/for wood fragments possible throughout

B o 3L Std. _
- 27 Pen || Std. Pen. 31 erratic blows, possible thin cemented
— 22
- Ly 20 32 layer
)i ! 27 .
- 38 ..

T

[

STOPPED TEST BORING AT 119'-0"

e

SR 167 MP 13.77 to MP 14.73
15th St, SW to W, Main St. in Auburn

}-, u-021-1(3) - 1971
|

Log of Test Borings
kg of 88
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arm 351.003 [H. F. 26.58)

[Revited §-671.

S.H SR

167

Hole No A-2
Station I' 521""’78

Type of Boring Hollow flight sugers & 3"

Sub Section

Section

WASHINGTON
STATE HIGHWAY COMMISSICN
DEPARTMENT OF HIGHWAYS Copr 10 . ...
LOG OF TEST BORING
West Auburn Interchange Pler 73 Joblqo."m.gzj§9§"“"
SR 18 Over Crossing, East Bridge _____ Cont. Sec. 176303
Offset.....00" Rizht ... Ground El. ...6E.T1. ..

caginmg.. “Augers. 120! XILO" Cas lhl"ﬂul' EL 62 Q!

[nspector Date. April 21, 197L .. . Sheet ol e
DEPTH pLoms PROFILE A Rs. DESCHPTICN CF MATERIAL
SANDY GRAVEL - Dense, gray, (Highway £111), fire to
coarse sand, gravel and cobbles
togs or wood fragments possible through
5 +he depth of this boring
12 4 Std.
- 22 Pen -
-l 13 l
1L
10 J{ SANDY GRAVELLY SILT - Slightly compact, grav, web,
scattered fine-to coarse sand, qravel.and
o "dstd.| cobbles _ ... - _ a
9 Pen
1h I 5 2 STIIT AND SAND - Slightly compact, gray, & marbled
4 5 v
mixture, gray, moist silt, dark gray, wet
15 fine sand
An A
C
B y-3
70 L z SILT WITH WOOD FRAGMENTS AND PEAT - slightly

9
SR 167 MP 13.77 to MP 14.73

" 15th St. S.W. to W. Main St.

U-021-1(3) - 1971

in Auburn
‘ 50 of &8

Log of Test Borings



B

i Form 3£1.603-0 [H. F. 26,6831

—— Revised 5-47.
- .
MHoIe No.. A=2 e Sub Section SR 18 Over Crossing, East Bridge .. Sheet._..... 2 . of B,
e uPTH BlOWS | pROAILE TSMAnE DESCRIPTICN OF MATERIAL
5 l A6
13 7 compact, gray, moist, a tyrace of very fine
B 8 ¢
| Y sand
| 0
_ C U-5 .
| >
; F_ FINE SAND - Compact to dense, dark gray
J .
. 25 4 Y std.| a trace of silt
[E 10 Pen :
23 13 6 .
- 5
¢ T 5ta.
- 22 Pen
o i 21 | T )
§ 28
_30 %;
E’_ STITY. FINE SAND - Slightly compact, grey, peat
. T A std. and wood fragments scattered through
f 8 Pen - : -
- 18 10 8
‘ 12 ¢
|
-
35
-
[E Dense &t about 36'
10 4 std
T l 13 J’ Pen
LJ 43 30 w9
]
SN Te
L 15 A Std.
. 22 Pen
[j 40 18 | 1o
| 20 7
T
L) 45

SR 167 MP 13.77 to WP 14.73
15th St. S.W. to W. Main St. in Auburn

y-021-1(3) -~ 1971

Log of Test Borings
51 of &8




( | I Form 151.003-0 (K, F. 26.64-A).
L Revised 5-47.

L g Mo A-2 Sub Section____ SR 18 Over Crossing, East Bridge  sheet. 3
!_ verTH JLows PROFILE ToanE DESCRIFTION OF MATERIAL

- PER FT,
!

! 1k Std.|| SANDY GRAVEL - Compact, dark gray, clean,
P 18 Pen
L_.J;_ _ 32 1k 11 fine to coarse sand and fine to coarse gravel.
’ SR 4
A 50
|

FINE SAND WITH WOOD FRAGMENTS - Compact. dark

S

t - 12 Std.ll gravy
;] 15 Pen
g ' 30 15 12
l_j.__ 18 ¢
}
1. ' _
!ﬁ . I GRAVELLY, SILTY, FINE SAND - Slightly compact,

4

dark gray, @?ﬁ*‘?&ﬁd“woodfmixed through

N, 1
1

L A std.
[ [ Pen
L] 1k 8 13-
7

L
" A
-

60

'j-
I

-
L

3  AsStd.

{fﬂ" o N
B
Ll |

[ ' Pen

19 13 1k SAND WITH SILT IENSES - Compact, dark gray
3 16 _
. fine sand with 2" ¥ lenses of grav
iq
IL,__L_, 65 moist silt
|
i 4 std.
l_._ . 15 Pen
P 30 15 15
ILL ] 13 7
| 10 v SILYY, SANDY GRAVEL - loose to slightly compact
.

SR 167 MP 13.77 to MP 14.73

15¢h st 5.W. TO W. Main St. in Auburm Log of Test Borings
U-021-1(3) - 7071 -- .

SR
S —



. _
U Hole No. A-2 Sub Section... SR_18 Over Crossing, East Bridge Sheet__ % . of R
Te P PROFILE TORE NS, DESCRIFTION OF MATERIAL
8 [ 4
m ,
: ) gray, moist, fine to corrse send. gravel
- 4 T Std. |
— - ] Pen || and cobbles, sood fragmentsscatiered
B 4 L1116 g
L I through
[?TS
I
[ ; A AU-17
- 20 7 std. ~
' ] Pen
E . 6 |18
20
i
i
o 3 A stq,
} 4 Pen
L 8 4 19
1 —
Lok
A5
£
|
A A
f c®
LJ D .| y-20
: -
[J 6 # 5td.
|90 1 h‘ Pen
= ) 21
1) -

L. \I ——i

|-

2167 MP 13.77 to MP 14.73
| jth St. S.W. to ¥W. Main St. in Auburn

L3021-1(3) - 1971

Log of Test 2orines
53 of 88



;Y Farm 351.C00-0 {H. F. 26.66-A).

Revised 3-47.

4 ~Yole No.__A-2

Sub Section SR 18 Over Crossing, East Bridge Shest S of ..
_{ DEPTH Hows PROFILE Toapne DESCAIPTION OF MATERIAL
! |
] 8 A std.
- 7 Pen
16 9 22
1 2
| ° ¥
)
-~ 100
»
Il —_
B
105
-
!
- 8 A std.| Concentrated coarse gravel and cobbles
| 10 Pen '
4 24 1k 23 106" to abaat 110'
16 '
- v
J
- 110
|
6 4 std.
- T Pen
| 20 13 24
i 18 ¥
1 .
0115 I SANDY GRAVEL - Compackh to dense. erav
r -
: clean (heaves 20') fine to coarse sand
|
- 17 4 Std. ] gravel and cobbles
o J13C Fen
1 62 32
! 13 ¥25
_ 25 12
. .
]

R 167 MP 13.77 to MP 14.73
.5th 8t. S. W. to W. Main 5t. in Auburnm

§-021-1(3) - 1971

Log of Test Borinegs
54 of B8



by Form 3517003.a (H. F. 26.66-A1
| Revited 5-67.

5‘ Hole No._ A2 Sub Section.._ SR 18 Over Crossing, East Bridge Shect 6 of ! 6 ..
B pows PROFILE ToAMnE DESCRIPTION OF MATERIAL
’ Std.
. 4 Pen
; 50/1" s50/1" 26
B!
-
]
1
125
%f
1 N
3 12 4std.
- . 17 Pen
5t 32T

B
J

130
—5 - -
; 2
= ’ 38 JllStd.
- s oL e =
)
- _135
= Std.
i

3k 4 pap
- sk %29 '
JI s54/6"
E 1ko * SAND WITH SILT IENSES - Dense, dark gray
- fine sand with sea shells, slightly compact
5 dsta.
J . 10 Pen || moist, gray silt
s 21

N 27 30
’ \ e .
- TEST BORING STOPPED AT 143'6"
- ]

4 R 167 MP 13.77 to MP 14.73
_ 5th St. S.W. to W. Main St. in Auburm Log of Test Borines
1 =021-1(3) - 1971 S5 of 88



{ syer? Form 351.003 [H. F. 26.56)

I

(Revited 5-471. WASHINGTON
- STATE HIGHWAY COMMISSION
| DEPARTMENT OF HIGHWAYS Copy 10 . .. -
? LOG OF TEST BORING
] S.H SR..16T ... Section.Hest Auvburn Ioterchange . ... Jjob No. L-3588 0 L.
iHOIC No H-2 Sub Section. . SR _18__0- Xing_E . Bo.... - < ween... Cont, Sec. 176503
” Station M. 523+4% Pier®*6 e Offset_. .S_Li__..__-_.__.__...  Grouwnd EL .8k .
- Type of Boring..Hash Boxe. .. {Blast) Casing- 3o B 113 et e w.T. El ..._.-.6.3...
| Inspector - Date... NoY.: 13 to 19,1969 Sheeto k. eeereerss O oo 2o
_, DEPTH BLOWS | PROFULE s, DESCRIPTION OF MATERIAL
J‘ 1
C u-1 | sTIT - brown, organic, damp
- D
! PEAT - wood, organic matter, brown, demp
i 3 5td.
e b Pen
- s 1 ) T
1 3 2 SAND - scattered silt lenses, wood -
- gray, wet
? r |
B U-3
3 1std. i
~ P 3 Pen
; 3
) 3 3k
: 7
P c | U5
- - D
- E .
; 5 {Std.
i 15 T Pen
- 8 .
2 8 #6 - _
I
15
7} T U-7 I. ~—— 106G
S L T std.
5 an )8 Pap || SAND - fine to coarse, scattered pieces
} —d
4 9 .
22 1&8 Gravel, wood, & logs, gray, wet

120 — ‘
49 RT187 NP 13.77 to MP 14.73
to W. Main St.

R
|

I

15th St. S.W.
y-021-1(3) - 1971

in Auburn log of Test Borings
35 of 88
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=Y Form 2§1.002-0 [H. F. 26,66-Al.

Revised 5:67,
Hole No._H-2 Sub Section sttt SR8 OXing E.Br Sheet._2 R S
~EPTH Jrows FROFILE oA DESCRIPTICN OF MATERIAL
3 Std.
q Ly Pen || SAND - fine to coarse, scattered pieces
I .
3 LQ Gravel, wood & logs, gray, wet
y -
B TU-lO
D
- 2  {85td.
2 1 FPen
-
11) Y11
L
39
{ Toure
T " SILTY SANDY GRAVEL - Gray, demp
15 #4Std.
o 24 Pen
26
23 913
35 x SANDY GRAVEL - gqray, wet
18 #sta.
_ 25 1 | Pen |l appenrs water bearing
13 #14 .
11 Std.
65 12 Pen
13
16 915
fo
10 4#std.
11 IPen
2|
23 7 %16

SR 167 NP 13.77 to MP 1k.73

15th St. S.W. to W. Main St. in Auburn

U-021-1(3) - 1971

Leg of Test Borings
36 of 88



j Y Foum 351.001-a [H, F, 26.65-Al.
Revisad 5:67.

t Hole No He2 Sub Section. T s SR 18 O-Xing E.Br Y Of o2
LETH ,EEL?‘;’IS_ PROFILE Tg:é"‘:gs_ DESCAIFTION OF MATERIAL
r 11 TStd.
- 19 . 9 Pen
—— ) 9 l ]
] 8 17 SILTY SAND - silt & sand, layered
‘ .
g occasional piece gravel, gray, damp
]
o]
7 10 Std.
_E 95 13 Pen
12
. 15 ‘L 18
!
|
..
B
}
55
. 6 std. : s
[ an 8 1o
| 12
30 19
7 . —
: :{ SAND - fipe to medium, scattered
i F
. coarse, trace gravel & silt, gray, wet
Jo
16 . 3 8td.
n ~c 1L Pen
l - 51 -
= 12 20
IR |
|
1 SILTY SAND - gravelly, gray, trace
- . A
5 wood., wet
- 7 A Std.
10 B Pen
1 - 13
| ¥21
1
!

S 167 MP 13.77 to MP 14.73
15th St. S.W. to W. Main 5t. in Auburn
u-021-1(3) - 1971

{_.‘_J

Log of Test Borings
37 of 88

L
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|

MY Form 351.003-0 [H. F. 28.58-A1.

N Ravised 5-47,

i _ .
1 Hole No H-2 Sub Section. PEEE=E=Et=os SR 18 _O-Xing E.Br Sheet.. 1 of .....2

JTH Jows PROFILE ottt DESCRIPTION OF MATERIAL
| 6 Std.
"y E Pen SILTY SAND - Gravelly., gray, trace

| b L22 | wood, wet

4 T ‘r std.

. h Pen

_ 8 5

_ 116 23
a5
1
1

B8Q
ﬁl 5 8td.

| a b Pen
- 7 2h

i

1

|
85
- 3 A4 Std.
J g 3 Pen

5
8 ¥ 25

- 3 Std.

’ 16~ Fen
4 B L
_ ) 26
bo

b

1

B

SR 167 WP 13.77 to MP 1k.73
15th 8t. S.Y. to W. Main St. in Auburn' : Log of Test Borings

y-021-1(3) - 1971 38 of §8
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“rY Form 251.003-0 [H. F. 24.68-A1

Revised 5-47.

Hole No H-2 Sub Section__ === s SR8 O-x1'53 E.Br Sheet.....? of e
FTH o PROFILE oA, DISCRIPTICN OF MATERIAL
> 1
18 g9 SILTY SAND - gravelly gray
13 LET trzsce wood, wet
100 )
a0
\ 17 4
- 10
' T
_ 11 w28
' . -
1 GRAVEL - sandy, gray; silt binder,
1Q5 occasional cobble & boulder, damp
21 A ' -
41 61 |
92 29
108'6" boulder - 109' blast 6
sticks 505 8" x 1 1/8"
1o
35 #
Sk 25
=
26 W30
115 wWs
H2 T
fafaY %l‘
26 &
4 33 ¢ 31
STOPPED TEST RORING AT 117 -0"
.19

SR 167 AP 13.77 to MP 154.73
15th St. S.W. to W. Main St.

u-021-1(3) - 1971

in Auburn

Log of Test Borings
39 of 68



| SR-167
15TH STREET S.W. TO
f SOUTH GRADY WAY

f Bridge Foundation Report

_ i J L

—_— | — L

L.

o HOV Improvements
O Ramp Metering

OSurveIIIance, Control, and Driver Information
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BORING NO. _9

Logged By _DBG_

Date __6-18-91 ) ELEV. _ 96%
us Depth (N |'w
Graph| g Soil Description gﬁ) Sample Blgtws (%)
-~ Gray-brown, very silty, gravelly T 25 15
M | SAND, fine to medium grained, 5
moist, mediun dense.
(Fill) T 22 |14
10 .
Very silty. - 100 9
-15
I 43 17
120
Medium dense. €I 21 18
125 7
L 15 |11}
-30
T e |7
.35
Becomes dense. 4 ,
Pp-| Brown Peat, vet, soft. 1ao L 3 277
ML | Gray sandy SILT, wet, loose.
y sandy _ m R R P
Occ'l sand layers; SII with clay 45
T 29 24
M Black silty SAND, fine grained, -50
g wet, medium dense. I a1
65 . 33
SP { Becomes slighty silty, SAND with silt. 50 I 6 22
65 I |15 |26

BORING CONTINUED ON NEXT PAGE

TERRA
ASSOCIATES

BORING LOG
STATE ROUTE 167

KING COUNTY, WASHINGTON

Proj. No. 1630 } Date 10-91 Figure A-10
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BORING NO. 9

Logged By .DBG_

Date 61891 ELEV. _96%
N)
us . Depth ( W
Graph Soil Description Sample| Blows
P cs i ) 2l 0
Black gravelly SAND, T 33 | 16
SW wet, dense 70
Becomes more gravelly €I 100 i5
) 76
I 54 | 14
.80:
L 63 | 13
-85
I 51 6
90
€L 84 *
95 |
sM | Black, very silty SAND * e
100
ML Gray, slighty gravelly, '05 I 18 13
fine to coarse sandy SILT, -1
vet, medium dense.
L | 26 |15
-110
I 22 15
Some wood. -115
s o T
Boring completed at depth 119 feet.
Groundwater noted at 37 feet.
BORING LOG
71 TERRA STATE ROUTE 167
> ASSOCIATES KING COUNTY, WASHINGTON
Geotechnical Consultants Proj. No. 1630 | Date i0-31 Figure A-10
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BORING No. _10

L.ogged By DBG_

Iﬂ[:[afzﬁali:]‘[:u[_&u[_&f

Date 0720721 ELEV. _96%
us . o Depth (N) w
Graph cS Soil Description (ft.) Sample Bllglws (%)
Tan, silty, aravelly SAND, fine to
SM | medium grained, moist, dense. 5 I 100 10
(Fill) i
I 71 9
10
T 52 14
-15 :
T 100 |11
Becomes gray—tan. 120
53 |13
25 T
20 I 56 |14
a5 L | 8 |0
4o L | oo+ | * )
et , .
ML G'ray sandy SILT, wet, soft e !_ T 12 |33
Black silty SAND, fine grained,
SH wet, medium dense.
’ 50 L 48 |23
Some gravelly SAND with silt.
SW | Black SAND, fine to coarse -55 I 8 |38
grained, wet, loose.
Wood entire sample. 60 I 100+ |75
I 14 |19
Becomes gravelly. -65
BORING CONTINUED ON NEXT PAGE
BORING LOG

(T TERRA

| ASSOCIATES

Geotechnical Consultants

STATE ROUTE 167
KING COUNTY, WASHINGTON

Proj. No. 1630

Date

10-91

Figure A-11
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Logged By _DBG
Date _6=20-91 ELEV. - 96%
us MN) |w
Graph] g Soil Description D&p;h Sample | Blows (%)
: Ft.
i S A 8
-70
SM | Becomes silty and dense. xI o5+ | 21
-7 5
I | 8 |19
-80
X 44
-85
Becomes loose, with extensive organic I 11 50
matter. %)
ML | Gray fine sandy SILT, wet, hard. T 42 -26
95
T | 50 |23
-100
I 18 15
-105
L 16 16
-110
T 15 17
Boring completed at depth 114 feet.
Groundwater noted at 44 feet.
BORING LOG
=] TERRA STATE ROUTE 167
| ASSOCIATES KING COUNTY, WASHINGTON
Geotechnical Consultants Proj. No. 1630 | Date 10-91 Figure A-11
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BORING NO. 20

togged By _DBG_

TERRA
ASSOCIATES

Date __7-8-91 ELEV. Z96%
Depth N) |w
Graph gg Soil Description (?_E) Sampie Bllgtws (%)
Gray, slightly gravelly, silty SAND,
31 | fine to medium grained, moist, dense. I 36 17
(FILL) -5
T | 29 |12
10
T 51 113
15
I 40 15
20
T | 25 |22
25 '
T 22 16
-30
Y
e T Q4+ |14
GW | Grades to fine to coarse sandy gravel, |35
wet, (FILL)
T 27 12
-40
ML | Gray, slightly sandy SILT, wet, stiff. 5 xI 12 38
: 4
SM | Black, silty SAND, fine to medium
grained, wet, loose. I 13 23
-50
I 6 46
SP | Clean SAND lenses, -55
11 23
-60 T
T 62 9
Becomes fine to coarse grained and 65
dense.
BORING CONTINUED ON NEXT PAGE
BORING LOG

STATE ROUTE 167
KING COUNTY, WASHINGTON

Geotechnical Consultants

Proj. No. 1630

Date

11091

Figure A-21
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BORING NO.

Logged By DBG

20

=] TERRA
| ASSOCIATES

Date _7-8-91 ELEV.. 96%
. 3
us o Depth { W
Graph Soil Description Sample| Blows |,
Phl cs (ft.) e |0
Black, silty, gravelly SAND, fine to
SM | coarse grained, wet, dense. I 04 |20
70
I 23 3
Becomes very gravelly. 75
. T _
80 100+ |15
L +
85 100 5
- .
90 55 (13
I + |1
o5 100+ |13
SW | Becomes slightly silty - 60 |10
Boring completed at depth 99 feet.
Groundwater noted at 33 feet.
BORING LOG

STATE ROUTE 167
KING COUNTY, WASHINGTON

Geotechnical Consultants Proj. No. 1630

Date 10-21

Figure A-21
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- Chapter 6 -- 3ridge No. 167/112 W-N Ramp

Foundation design studies carried out for Bridge No. 167/112 W-N Ramp (W-N Ramp)
included

* determining the axial capacity of driven piles and drilled shafts

* assigning soil properties for use in lateral response analyses of driven piles and drilled
shafts, and

* estimating the allowable bearing pressures for the abutment footings.

In view of the potential for liquefaction of sands and silts prevalent in the upper 12 m (40 ft)
of soil profile at the bridge site, the possible effects of liquefaction on the axial and lateral
capacity of driven piles and drilled shafts, as well as the stability of abutment slopes, were
also evaluated. Methods used during and key results from these foundation capacity and
liquefaction analyses are presented in this chapter.

Project Design Considerations

The W-N Ramp structure is located bétween 15" Avenue SW and 15" Avenue NW, where
SR-167 crosses over SR-18. The general location of the bridge is shown in Figure 1-1. This
bridge will be widened on its east side by 1.5 t0 3.7 m (5 to 12 ft) to provide an HOV lane.

Existing Structure

The W-N Ramp structure was constructed in the early 1970's from prestressed concrete. Itis
approximately 101 m (331 ft) in length, and its width varies from approximately 14 m (46 ft)
at its south end to 12 m (40 ft) at the north end. The bridge is supported on four interior
piers with each pier consisting of two columns. Columns have an exposed height of
approximately 5.8 m (19 ft). Interior piers of the bridge are located approximately 18 to 27

m (58 to 90 ft) apart. The ends of the bridge are supported by shallow strip footings located
within the abutment fill.

The foundation for each column consists of a pile cap located approximately 1to2m (3to 7
ft) below the roadway surface. From the original design drawings, it appears that each pile
cap is roughly 3 m by 3 m (10 ft by 10 ft) in plan and is located approximately 7.5 m (25 ft)
from the adjacent pile cap within the pier. Each pile cap is supported by six driven concrete
piles. The estimated average length of the concrete piles, based on the original design
drawings, is 12 m (40 ft). This results in the toe of the piles being located at an approximate
elevation of 5 to 9 m (16 to 30 ft). The concrete piles were required in the design drawings
for the bridge to have a capacity of 490 kN (55 ton) .

Approach fills for the bridge are approximately 8 m (26 ft) in height. The end of the
abutment fill is sloped at 2H:1V (horizontal to vertical); side slopes on the east side of the
approach fill range in steepness from 3H:1V to 2.5H:1V. A 1.5-m (5 ft) wide strip footing is
located at each end of the bridge in the approach fill, approximately 3 m (10 ft) below the
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roadway surface. Design drawings indicate that the allowable bearing pressure on the
footing is 290 kPa (3 tsf).

Site Conditions

The site is level except for the grade change to accommodate the approach fills for the
bridge. Areas along the east side of the bridge abutments, where widening will occur, are
covered with grasses, brush, and small trees. These areas should pose no significant
obstructions to construction.

Traffic on the W-N Ramp bridge and SR-18 are heavy and will present significant
construction constraints. Median widths for Piers 3 and 4 are approximately 5 m (16 ft);
Piers 2 and 5 are located at the toe of the approach fill.

Subsurface Conditions

Seven test holes have been drilled and sampled for this bridge: three for the original bridge
design and four as part of this task order. A piezometer was installed in one of the test
holes completed for this task order. Locations of the test holes are shown in Figure 6-1.
Test hole logs based on past and the most recent explorations are included at the end of this
report chapter. Limited numbers of laboratory grain-size tests were also completed as part
of this task order. Results of these tests are also included at the end of this chapter.

The geotechnical soil profile for this bridge consists of layered silts, sands, and gravels to
the maximum depth of exploration, 38 m (125 ft). Figure 6-2 shows the soil profile that was
developed from the test hole logs.

For the purposes of the foundation design studies, six primary soil layers are identified.
The characteristics and approximate depths of these layers are summarized as follows,
beginning at the ground surface:

¢ Layer1 -- Site Fill: This material occurs from the ground surface to approximate
elevation 17 to 18 (56 to 60 ft). It appears that approximately 3 m (10 ft) of the site soil
were removed during original construction and were replaced with this material. The
same material is used for the approach fills to the bridge. Generally the fill is a dense
sandy gravel. From location to location and depth to depth, the amount of silt changes.
This layer is generally above the water table; blowcounts from the SPT are normally
greater than 20.

e Layer 2 - Sandy Silt Layer: This layer extends from approximate elevation 17 (56 ft) to
approximate elevation 14 m (46 ft) near the southern piers (Piers 2 and 3) and from
approximate elevation 18 m (60 ft) to elevation 15 m (49) near the northern piers (Piers 4
and 5). The material is primarily fine silty sand and sandy silt. Blowcounts are often
less than 10. It is located below the water table.

¢ Layer 3 -- Sand and Gravel Layer: This layer occurs between approximate elevation 14
m (46 ft) and elevation 1 m (3 ft) near the southern piers and from approximate
elevation 15 m (49 ft} to elevation 5 m (17 ft) near the northern piers. The layer consists
of a gravelly sand to sandy gravel with some wood debris near the northern pier
locations. Blowcounts near the southern piers are often above 25; the blowcounts near
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the northern piers can be less than 25 with some, near the top and bottom of the layer
less than 10.

» Layer4 - Sandy Silt Layer: This layer occurs between elevation 1 m (3 ft) and
elevation ~2 m (-7 ft) near the southern piers and between elevation 5 m (17 ft) and
elevation 0 m (0 ft) near the northern piers. The layer consists generally of silt and sand
with some organics. Some clay is also present near the southern piers. Blowcounts in
this layer can be as low as 10.

« Layer5--Loose Sand Layer: This layer consists of nearly 15 m (49 ft) of loose silty
- sand and gravelly sand with some silt. Traces of wood are noted in the test hole logs.
Blowcounts range from 5 to 20 or more. Blowcounts in the top 5 m (16 ft) of this layer
are often less than 10. Higher blowcounts occur at deeper depths.

+ Layer 6 -- Dense Gravel Layer: A dense gravel layer is encountered at approximate
elevations -13 to -15 m (-43 to -49 ft). This layer is very consistent in the general area.
Blowcounts from the SPT are in excess of 50 blows per 0.3 m (1 ft).

Several important features within the soil profile were identified from the test hole logs.
First, low blowcounts occur within Layers 2, 3, 4, and the upper portion of Layer 5. While
some of these low blowcounts appear to be caused by heave within the augers during
drilling, at least some are thought to represent actual conditions. As discussed
subsequently, the low blowcounts in Layers 2 and 3 lead to concerns about the
susceptibility of these layers to liquefaction during a design earthquake. The low _
blowcounts in Layer 4 and especially the top portion of Layer 5 present concerns about the
depths at which end bearing can be mobilized in driven piles or drilled shafts.

Another relevant observation during both the present and past exploration programs was
the presence of scattered wood fragments and cobbles within the soil profile A boulder that
required blasting with dynamite was encountered at a depth of 34 m (112 ft) in another test
hole (H-3-69).

Groundwater was measured at depths of 1.5 to 3 m (5 to 10 ft) below the ground surface.
These depths correspond to approximate elevations of 18 to 20 m (60 to 66 ft). Slight
artesian conditions were also reported at a depth of 11 m (36 ft) during drilling of one test
hole (A-5-71). A design groundwater elevation of 20 m (66 ft) was used for static pile and
drilled shaft analyses. For liquefaction analyses the groundwater elevation was assumed to
be elevation 18 m (60 ft). This lower level for liquefaction analyses represented an expected
long-term condition, while the higher elevation was used for pile and drilled shaft design to
assure that adequate conservatism was incorporated in design for possible short-term
loading conditions.

Engineering Soil Properties

Engineering properties were assigned for each of the primary soil layers to aid in
subsequent foundation design computations. Various methods were used to assign these
properties, including soil descriptions, blowcounts from the SPTs, and normal engineering
judgment. These properties are best-estimated values, rather than lower bound. The fact
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that the values are best-estimates needs to be recognized as factors of safety are selected for
determining the axial capacity of driven piles and drilled shafts. Summaries of these
properties are presented in Table 6-1.

Table 6-1. Summary of Estimated Soil Properties at W-N Ramp

Soll Layer No. Moist Unit Saturated Unit Weight Friction Angle
Weight (kN/m3) | (kN/m3)
Piers28&3 | Piers4&5

1 19.6 - 33 33
2 - 18.1 29 29
3 - 19.6 ' 33 . 30
4 - 18.9 30 30
5 - 18.9 30 30
6 - 20.3 35 35

Liquefaction Susceptibility

Liquefaction assessments were conducted using the Seed-Idriss simplified blowcount
procedure (Seed and Idriss, 1982) with a peak ground acceleration of 0.35g. As noted in
Chapter 3 of this report, the peak firm-ground acceleration for the site is estimated to be
0.29g. This motion is expected to amplify by a factor of approximately 1.2, as the seismic
wave propagates through the upper 30 m (100 ft) of soil profile, resulting in a design motion
for liquefaction and embankment stability studies of 0.35¢.

In the liquefaction assessment blowcounts from both the 1997 and the previous exploration
programs were used to estimate the cyclic resistance ratio (CRR) for the soil on a test hole
by test hole basis. Blowcounts from all SPTs were adjusted to an energy of 60 percent. An
energy ratio of 80 percent was used for the automatic hammer; all other blowcounts were
assumed to be measured at an energy of 60 percent. Other CRR correction factors,
including those for overburden, fines correction, and earthquake magnitude were
consistent with the latest recommendations of Robertson and Wride (1997).

The liquefaction potential, which is equivalent to the factor of safety against the occurrence
of liquefaction, at each test hole location was determined by comparing the computed value
of CRR to the cyclic stress ratio (CSR) caused by the design earthquake. If the liquefaction
potential was 1.1 or lower, the soil was identified as having a high potential for liquefaction
during a design earthquake. A check was then made to determine if the material with a
high liquefaction potential met the grain size and plasticity criteria identified by Seed and
Idriss (1982) as being necessary for a material to be liquefiable. Locations of high
liquefaction potential were then plotted on the soil profile for the W-N Ramp to determine
the trend in liquefaction.
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Based on the blowcount analyses, it appears that liquefaction could develop between the
groundwater location (i.e., elevation 18 m; 60 ft) and elevation 9 m (30 ft) at the W-N Ramp.
This depth range encompasses all of Layer 2 and the upper portion of Layer 3. The
potential for liquefaction is not, however, continuous within this elevation range. Rather,
many of the blowcounts within the range suggest a low liquefaction potential, with the
factors of safety against the occurrence of liquefaction in excess of 2. Individual points of
liquefaction were then discounted if adjacent blowcounts were high, under the premise that
re-distribution in porewater pressure would moderate the tendency for porewater pressure
buildup. Likewise, blowcounts in areas where heave was specifically noted in the test hole
log were also discounted.

From these interpretations, it was concluded that the soil between elevation 18 m (60 ft) and
15 m (49 ft) would be the most likely to liquefy on a relatively continuous basis; i.e., the
entire layer would be liquefied at one time. Material between elevation 15 m (49 ft) and 9 m
(30 ft) would undergo liquefaction on a more localized basis, with some zones of loose
sands and silts liquefying but adjacent areas not liquefying.

Methods of Foundation Analyses

Foundation design studies were completed to determine the capacities of shallow and deep
foundations that would likely be used during the widening project. The sizes for these
foundations were provided by WSDOT's project manager. Approaches for the analyses
were discussed with WSDOT prior to and during the analyses to confirm that the methods
were generally consistent with WSDOT foundation design requirements.

Driven Pile Design

Axial pile capacities were determined for 460 and 610 mm (18 and 24 in) steel pipe piles. It
was assumed that these piles would be driven with a closed end, and filled with concrete
after driving. Analyses were conducted for these two pile sizes to determine the (1) axial
capacity under static (service load) and seismic conditions, (2) the amount of settlement of a
four-pile group under the service loads, and (3) soil parameters for lateral pile capacity
determination.

Static Axial Capacity Determination

Both compressive and uplift capacities of the piles were determined. The unified method of
design (Fellenius, 1996) was used to estimate compressive and uplift capacities.

Coefficients for B and N used during these analyses are given in Table 6-2. No limitations
were placed on the determination of side and end resistance when computing capacities. In
some design methods a critical depth of 10 to 20 pile diameters is imposed, beyond which
side friction and end resistance values do not increase (e.g., DM-7, 1982). However, for the
depths involved and based on discussions by Fellenius and Altaee (1995), there seems to be
considerable question whether the critical depth concept is appropriate.
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Table 6-2. Summary of Coefficients for Driven Pile Design at W-N Ramp

Layer No. Static Conditions Seismic Conditions

p Ni P Nt
1 0.35 - 0.35 -
2 0.30 - 0.15 -
3a (> elev, 9) 0.45 55 0.15 -
3b (< elev. 9) 0.45 55 0.45 55
4 0.32 - 0.32 -
5 0.30 35 0.30 35
6 0.45 60 0.45 €0

In recognition that the soil layering seems to change between the southern piers (Piers 2 and
3) and the northern piers (Piers 4 and 5), separate analyses were completed to account for
somewhat different soil layering and soil properties in each area.

The uplift capacity of the driven piles was assumed to be 80 percent of the friction along the
side of the pile in compressive loading. This reduction is consistent with WSDOT “s
standard practice.

Seismic Axial Capacity Determinations

Procedures used to estimate axial capacity under seismic loading differed from the method
for estimating static capacity only in the assigned B value for Layer 2 and part of Layer 3.
As discussed above, liquefaction is predicted at various depths in these layers under a
design earthquake, the consequence of which will be reduction in the side and end
resistance for the pile. It was assumed for the seismic axial capacity determination that
liquefaction would occur between approximate elevations 18 and 9 (60 and 30 feet).

Throughout the liquefied zone, a reduced B value was used for side friction. The reduction
in side resistance was introduced by using an undrained residual strength ratio (S;/c')
equal to 0.15. This ratio was selected on the basis of information presented by Dobry and
Baziar (1993) and in the draft proceedings from a 1997 National Science Foundation
Workshop (NSF, 1997) dealing with the measurement of residual strengths in liquefied soil.
A wide range of undrained strength ratios have been suggested for liquefied soil, and some
individuals contend that the residual strength is not proportional to the effective
overburden pressure. Considering the differences of opinion that currently exist, a check
was also performed using the relationship between blowcount and residual strength
suggested by Seed and Harder (1990). An undrained strength ratio of 0.15 results in
undrained strengths that are not inconsistent with the range determined from the Seed and
Harder relationship.

It was further decided that the toe of the pile should be located below the zone with a high
risk of liquefaction (i.e., 18 to 9 m; 60 to 30 ft} to minimize the potential for excessive pile
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settlement during a design seismic event. No adjustments were made for potential buildup
in porewater pressure below the liquefied zone. It was assumed that sufficient
conservatism had been introduced by establishing the maximum toe elevation below the
maximum predicted depth of liquefaction.

This approach to liquefaction was expected to be conservative. The actual effects of the
assumption regarding side friction on compressive and uplift capacity are not significant, as
the side resistance within this depth interval is relatively small, even under static
conditions.

Settlement Estimates for Static Loading

Settlement estimates were made assuming that four piles would be required to support the
pile cap for the column. The four-pile configuration was selected primarily on the basis of
lateral stiffness, in the event that loss in soil strength occurs in Layer 2 and part of Layer 3
due to liquefaction as predicted. It was also assumed that the four piles would be spaced at
2 % to 3 diameters.

An equivalent footing approach was taken in estimating settlements. The size of the footing
was defined by the perimeter of the pile group. Following discussions with WSDOT
engineers, it was decided that the footing would be located at the neutral plane of a single
pile, where the neutral plane was defined as the point at which the side friction for the pile
equals the service load. A 2V:1H siress distribution was assumed below the footing.

Soil Parameters for Lateral Pile Loading -

Procedures used to determine soil parameters for lateral-load analyses generally followed
recommendations by Reese and others (e.g., Reese and Wang, 1989a). Modulus of subgrade
reaction values were based on information presented in Lam and Martin (1986), which
gives modulus of subgrade reaction values as a function of relative density for sands
located above and below the water table. These parameters are appropriate for use in the
computer programs LPILE and COM624.

For seismic loading the resistance of Layer 2 and Layer 3 was reduced to account for the
likelihood of liquefaction under a design earthquake. While liquefaction could occur
between elevation 18 and 9 m (60 and 30 ft), it appears that Layer 2, which makes up the
upper 3 m (10 ft) of the liquefiable zone, is the most vulnerable. Within this layer a fully
liquefied condition was assumed. The average corrected blowcount, (N,),, for this layer
was approximately 12, resulting in a  of 0.15 based on NSF (1997) or a strength of 12 kPa
(250 psf) based on the lower bound of the relationship between residual strength and
corrected SPT value given by Marcuson et al. (1990). Below approximate elevation 14 to 15
m (46 to 49 ft) the liquefied zone was assigned a friction angle midway between the
liquefied and nonliquefied values. The basis for the reduced friction angle was that random
locations of liquefaction were predicted in the lower portion of the layer. However, other
locations within the same depth range did not liquefy. Realizing this, it was reasoned that
some loss in lateral support capacity would potentially occur below elevations 14 to 15 m
(46 to 49 ft), but more resistance would exist than a fully liquefied state.
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Pile-group reduction factors were also defined to account for interaction between piles if the
piles are closely spaced, as expected. The reduction factor will depend on the selected
spacing ratio (i.e., ratio of center-to-center pile spacing to pile diameter). Significant
differences in opinion currently exist within the profession regarding the form and amount
of reduction to apply. Based on a recent survey of state departments of transportation
(Brown at al., 1998), it was found that reduction factors given in references such as DM-7
(1982), the Canadian Foundation Engineering Manual (1983), and even the Federal
Highways Administration (FFIWA) Manual Design and Construction of Driven Piles (GRL,
1996) are generally viewed as resulting in too much reduction in stiffness. The p-multiplier
procedure (e.g., Brown and Bollman, 1996) is currently thought to provide the most realistic
representation of group effects, in the absence of dynamic analyses such as given in
WS5DOT’s Design Manual for Foundation Stiffness Under Seismic Loadings (GeoSpectra,
1997).

Drilled Shatft Design

Axial capacities of three drilled shafts, with diameters of 1.22 m (4 ft), 1.83 m (6 ft), and 2.44
m (8 ft), were determined. It was assumed that a steel casing would be used during
installation of these shafts, but that the casing would be removed as the concrete is placed.
Analyses were conducted for each shaft diameter to determine (1) the axial capacity under
static (service load) and seismic conditions, (2} the possible settlement of the shaft under
service loads, and (3) soil parameters for lateral shaft capacity determination.

Static Axial Capacity Determination

The static capacity analyses for the shaft involved determination of side resistance, end
bearing, and uplift resistance. Procedures suggested by the FHWA Manual Drilled Shafts
(Reese and O'Neill, 1988) were generally followed when determining capacity. In this
approach the end bearing of the shaft is determined from the product of the uncorrected
blowcount (N) times a factor of 57.5 in kPa (or N X 0.6 in tsf), and the side friction for
cohesionless soil is based on a computed 3 value.

Procedures used in the estimate of shaft side resistance deviated from recommendations
given in the FHWA manual in one important area. When determining {3 values, the
equation recommended in the FHWA manual was not followed. During a progress review
meeting with WSDOT's geotechnical engineers, it was decided that the B values determined
from the equation in the FHWA manual were too high in the upper layers of soil and
‘possible too low in the lower layers. To obtain what were considered to be more
representative 3 values for the soil conditions at the site and the likely construction
methods, 3 was defined as the product of a lateral earth pressure coefficient (k) and the
tangent of the interface friction angle.

Shaft capacities for the W-N Ramp were determined using the Ensoft computer program
SHAFT1 {Reese and Wang, 1989b). This program computes shaft side and end resistance
every 0.3 m (1 ft) throughout the depth of interest. Input to the program includes 8 and
blowcounts for each layer. The values of B and the average N values used for the shaft
capacities analyses are summarized in Table 6-3. No adjustments were made for shaft
diameters greater than 1300 mm (50 in) based on discussions with WSDOT. As with the
driven piles, uplift capacity was assumed to be 80 percent of the compressive capacity of the
shaft.
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Table 6-3. Summary of Coefficients for Drilled Shaft Design at W-N Ramp

Static Conditions Seismic Conditions
Layer No. Piers 2 & 3 Piers 4 &5 Piers 2& 3 Piers 4 &5

B N B N p N B N
1 ' 0.32 10 0.32 10 0.32 - 0.32 -
2 0.27 8 0.27 8 C.15 - 0.15 -
3a (> elev. 9) 0.42 27 0.36 22 0.15 - 0.15 -
3b (< elev. 3) 0.42 32 0.36 22 0.42 22 0.36 22
4 0.29 8 0.29 8 0.29 8 0.29 8
5a (>elev. -8) 0.29 7 0.29 7 0.29 7 " | 029 7
&b (<elev. -8) 0.29 15 0.29 15 0.29 15 0.29 15
6 0.54 75 0.54 75 0.54 75 0.54 75

Seismic Axial Capacity Determinations

Procedures used to estimate the axial capacity of the shaft under seismic loading differed
from the method for estimating static capacity only in the assigned f value for Layer 2 and
part of Layer 3. As discussed previously for driven piles, liquefaction is predicted at
various depths in these layers under a design earthquake, the consequence of which is
reduction is the strength of the layer. It was assumed that the B value would be reduced to
0.15 between elevations 18 and 9 m (60 and 30 ft). The rationale for the selection of B of0.15
is the same as that given for driven piles. Also similar to the driven pile, it was concluded
that the toe of the shaft should be located below the maximum predicted depth of
liquefaction.

Settlement Estimates for Static Loading

Settlement estimates were made assuming that a single shaft would support each column.
An equivalent footing approach was taken in estimating settlements. The size of the footing
was defined by the perimeter of the shaft. This footing was located at the neutral plane of
the shaft. As noted before, the neutral plane was defined as the point at which the side
friction for the shaft equals the service load. A 2V:1H stress distribution was assumed
below the equivalent footing.

Soil Parameter for Lateral Pile Loading

Procedures used to determine soil parameters for lateral-load analyses were the same as
those used for driven piles. After discussions with WSDOT’s geotechnical engineers, it was
decided that no adjustment factors would be given to account for the potential effects of
shaft diameters greater than 0.6 m (2 ft), as has recently been suggested in some studies
(e-g., ATC, 1996). These parameter are appropriate for use in the computer programs LPILE
and COM624.
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As with the driven piles, the strength of the soil between elevation 18 and 9 m (60 and 30 ft)
was reduced to account for the likelihood of liquefaction under a design earthquake. While
liquefaction could occur throughout the elevation range, the upper 3 m (10 ft) were
considered most vulnerable. Within this layer a fully liquefied condition, with a residual
strength of 12 kPa (250 psf), was assumed. The lower portion of the range was assigned a
friction angle midway between the liquefied and nonliquefied values. The basis for this
was the same as discussed previously for driven piles.

Abutment Design

To facilitate the widening, it will be necessary to increase the width of the embankment side
slopes by approximately 4 m (13 ft). Abutment footings will also have to be constructed in
the approach fill to support the new bridge width. In the case of the abutment fill, analyses
were performed to determine the stability of the new side slopes and end slopes under
static and seismic loading. For the abutment footings, it was necessary to determine
allowable bearing pressures and strain-compatible dynamic soil properties for the footing.
Procedures used to evaluate these requirements are summarized below.

Abutment Stability

The stability of the side slopes and end slopes for the abutment fill under static and seismic
loading was determined by conducting stability analyses using.the computer program
PCSTABL (5Siegel, 1974). For these analyses the groundwater was assumed to be located at
elevation 18 (60 ft), which is roughly 3 m (10 ft) below the existing ground surface. The
slope of the embankment was assumed to be 2H:1V, which was similar to the end slope and
somewhat steeper than the side slopes. Properties of the embankment material and
underlying soils were as defined previously within the discussion of Engineering Soil
Properties. =

For the seismic case pseudo static analyses were conducted using PCSTABL. In this
approach the seismic coefficient was varied until a factor of safety approximately equal to
1.0 was defined. Properties were similar to those used for the static analyses, except that
Layer 2 was assigned a residual strength equal to 0.15 times the effective overburden
pressure (i.e., S; = 0.15¢"). The basis for the residual strength determination was presented
previously in the discussion for Driven Pile Design. A 3-m (10 ft) layer was used to
constrain the depth of the failure surface to the zone where continuous liquefaction was
expected.

Estimates of deformation during the seismic event were made using the Newmark
simplified method. With this method, an approximate estimate of deformation can be
obtained from published relationships between the predicted deformation and the ratio of
yield acceleration to peak acceleration.

Allowable Footing Pressures and Dynamic Properties

Each end of the existing bridge is supported on an abutment wall that is supported on a 1.5-
m (5 ft) wide strip footing extending across the complete width of the bridge. This footing
is located approximately 3 m (10 ft) below the roadway surface. It is anticipated that a
similar size footing at the same depth will be used for the widening. Allowable bearing
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pressures for this footing were determined using conventional bearing capacity theory with
allowances for the sloping face of the end abutment. It is understood that the lateral earth
pressures for the abutment wall will be based on WSDOT's standard wall design.

Shear modulus, material damping, and Poisson’s ratio values were estimated based on
recommendations given in the FHWA Manual Seismic Design of Bridge Foundations (Lam
and Martin, 1986). For these analyses the low-strain shear modulus was selected on the
basis of average blowcounts recorded during the SPTs within one footing width below the
planned footing elevation. An average shearing strain of 0.02 to 0.2 percent was used to
adjust for the level of shearing strain expected during a design event.

Recommendations

This presentation of recommendations is separated into two sections. The first covers the
foundation systems, and the second involves construction considerations. While the
discussion of construction is limited, recommendations given for design of the foundation
systems are dependent on the methods used and observations made during construction.
For this reason it is critical that any changes in either site conditions encountered during
construction or procedures used during construction be brought to the attention of CH2M
HILL in order that the following foundation recommendations can be confirmed for the
observed conditions or methods.

Foundations

The methods of analyses described in the preceding section were used to develop
geotechnical recommendations for design of driven pile and drilled shaft foundations,
abutment footings, and abutment slopes under static and seismic loading conditions. These
recommendations are based on best estimates of soil properties. Appropriate consideration
should be given to the possibility of different soil properties and soil behavior during
selection of factors of safety. ' '

Driven Piles and Drilied Shafts -- Static Loading

The interior columns for the bridge can be supported using either driven piles or drilled
shafts. :

Axial Capacity: Figures 6-3 through 6-12 present ultimate axial capacity versus depth plots
for each pile and shaft size. It is emphasize that these capacities are ultimate values; they
have not been reduced with factors of safety. The maximum ultimate capacity for driven
piles is limited to 4,500 kN (500 tons) to keep ultimate capacity within the range of
applicability of the dynamic formula in Section 6-05 of WSDOT’s Standard Specifications.

Allowable values can be determined by applying a factor of safety to the capacities given in
Figures 6-3 to 6-12. Table 6-4 provides recommended factors of safety for design. As
shown in this table, the factor of safety should be selected on the basis of the type of field
monitoring that is done before or during pile or shaft installation. It is understood that



WSDOT normally will monitor pile drivability or shaft construction; however, if test piles
are driven or a static load test were performed, lower factors of safety would be
appropriate.

Table 6-4. Recommended Factors of Safety at W-N Ramp

Driven Piles Drilled Shafts

Field Confirmation Compressive Uplift Loading Compressive Uplift Loading
Loading Loading

None ' 3 3 4 4

Standard WSDOT 2.5 1.5 25 1.5

Test Piles/PDA 2.25 1.4 - -

Static Load Test 2.0 1.3 2.0 1.3

Minimum and maximum pile or shaft toe elevations should be used with Figures 6-3
through 6-12 to assure development of the required capacities and to limit settlements.
Table 6-5 provides a summary of the minimum and maximum toe elevations for the bearing
layers. These elevations were established (1) to avoid locating the toe of the driven pile or
drilled shaft in what was thought to be a more compressible material (e.g., Layers 2 and 4),
(2) to locate the toe of the shaft or driven pile below the maximum anticipated depth of
liquefaction, and (3) in the case of drilled shafts to limit construction depths to lengths that
WSDOT believes can be achieved.

Layers that should not be used for end bearing due to soil type or liquefaction potential are
identified with "NA", meaning not appropriate. It is important to note that the drilled
shafts at Piers 4 and 5 should not be located above elevation 0. This elevation requirement
is imposed because of the uncertain consistency of Layer 3 at Piers 4 and 5. Blowcounts
recorded during the 1997 field exploration program were often low within this depth zone.
Although it is possible that the low blowcounts were due primarily to heave during the
drilling program, the possibility of very loose materials could not be ruled out. After
discussing this issue with WSDOT’s geotechnical engineers, it was decided that the toe of
the shafts should -be located below the zone where low blowcounts were recorded. Should
this requirement have significant cost implications, then it may be necessary to conduct
further explorations at Piers 4 and 5 to reconcile this issue. If additional explorations are
conducted, it would be preferable to conduct these explorations with a cone penetrometer
to obtain a continuous determination of soil resistance with depth.

For any layer, a four-pile group or drilled shaft founded between the minimum and

maximum toe elevations is expected to develop the capacities given in Figures 6-3 through
6-12 with settlements under service loading of less than 25 mum (1 in).
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Table 6-5. Summary of Minimum and Maximum Toe Elevations at W-N Ramp

Driven Piles Drilled Shafts

Layer Number | Minimum Elevation | Maximum Minimum Maximum Elevation
(m) Elevatien (m) Elevation (m) (m)
Piers2& | Piers4 | Piers2 | Piers4 | Piers2 | Piers4 | Piers 2 Piers 4
3 &5 &3 &5 &3 &5 &3 & %

1 NA NA NA NA NA NA NA NA

2 NA NA NA NA NA NA NA NA

3 9 9 4 6 9 NA 5 NA

4 NA NA NA NA NA NA NA NA

5 -3 -3 NR* NR -3 0 -10 -10

* Not Restricted

Lateral Capacity: Soil properties that should be used for non-seismic lateral pile capacity

analyses are summarized in the LPILE/COM®624 forms given in Tables 6-6 and 6-7. The

elevation of the top of the first layer should be the bottom of the pile cap for driven piles or
1.5 m (5 ft) below the ground surface at the shaft location.

Table 6-6. LPile/COM&24 Parameters for Service Loading at W-N Ramp - Piers 2 & 3

Layer {Type |Layer Elevation Effective Unit  [Cohesion Friction |Coefficient of Soil
No. of Soil Angle  |Subgrade Reaction [Type
Upper lLower Weight
(m) {(ft) |(m) [{ft) [(kN/m?) [{pef) }(kPa) ([(psh) |[(degr.) [(MN/m®) {(pci)
1 Sand |- - 17 |66 [19.6 125 0 0 33 24 90 4
2 Silt i7 |66 |14 |46 |8.3 53 o 0 28 3 10 4
3 Sand |14 46 (1 3 9.8 63 0 0 33 16 60 4.
w/
|gravel
4 Sity |1 3 |2 (-7 |94 58 0 0 30 9 35 4
Sand
5 Sand |2 |7 |-13 [-43 [9.1 58 0 0 30 9 35 4
w/
silt &
gravel
6 Sandy |-13 [-43 |- - 105 |67 0 0 35 23 85 4
Gravel
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Table 6-7 LPile/COM624 Parameters for Service Loading at W-N Ramp - Piers 4 &5

Layer (Type |Layer Elevation Effective Unit  [Cohesion Friction {Coefficient of Soil
No. of Seil Weight Angle Subgrade Reaction|Type
Upper Lower
(m} |(ft.) {(m) [(ft) [(kN/m?) |(pef) |(kPa) |(psf) [(degr) [(MN/m®)|(pci)
1 Sand |- - 18 |56 [19.6 125 |0 0 33 24 80 4
2 Silt i8 |66 |15 |49 (8.3 53 0 0 29 3 10 4
3 Sand |15 [48 |5 17 (9.8 83 0 0 30 9 35 4
w/
gravel
4 Sity |5 17 {0 |0 8.1 58 0 0 30 9 35 4
Sand
5 Sand |0 |0 {-14 (49 9.1 58 0 0 30 9 35 4
w/
silt &
gravel
6 Sandy i-14 [|-49 |- - 10.5 67 0 0 35 23 85 4
Gravel

Group reduction factors should be applied if driven piles have spacing ratios of less than
five diameters. The group reduction factors given in the following table were developed
from Brown and Bollmann (1996). These values apply to the average stiffness of the pile

group.

Table 6-8. Group Efficiency Factors for Driven Piles at N-W Ramp

Row Spacing 3-Pile Group 4-Pile Group 6-Pile Group
3 diameters 0.75 0.65 0.60
4 diameters 0.90 0.85 0.80
5 diameters 1.0 1.0 0.95

Driven Piles and Drilled Shafts - Seismic Loading

Figures 6-13 through 6-22 present capacity versus depth plots for each pile and shaft size for
seismic loading. These plots can be used with seismic loads to confirm that adequate axjal
capacity still exists when liquefaction occurs in the upper soil layers. In view of the
conservative approach used in considering liquefaction for the axial capacity
determinations, a factor of safety of 1.0 and 1.3 should be adequate for driven piles and
drilled shafts, respectively, during a seismic event. Realizing the high liquefaction potential
in Layers 2 and the upper portions of Layer 3, a minimum toe elevation is established at
elevation 9 m (40 ft).

The pile or shaft foundation system could settle during the seismic event. This settlement is
expected to result from two sources: (1) the added pile or shaft loads resulting from the
inertial response of the structure and (2) densification of the upper portions of Layer 5.



Settlement from added bridge loads is expected to be small. Settlement from the
densification of loose materials in the upper portion of Layer 5 could result in up to 50 mm
(2 in) of settlement within Layer 5. Driven piles or drilled shafts founded above Layer 5
could settlement this amount. Similar amounts of settlement would also be expected to
occur at the approach fills. If the driven piles or drilled shafts are founded in Layer 6, then
settlement of the interior piers could occur due to drag loads as loose soils densify;
however, this settlement is expected to be small. Settlement would still occur at the
approach fills, resulting in differential movements between Pier 1 and Pier 2 and between
Pier 3 and Pier 4. The amount of this differential movement could be as much as 50 mm (2

Soil properties that should be used for lateral pile capacity analyses during seismic loading
are summarized in Tables 6-9 and 6-10. Group adjustment factors discussed above for static
loading should be applied. Inasmuch as the phasing between liquefaction and the
maximum inertial forces on the bridge structure is difficult to predict, it is recommended
that seismic analyses include lateral capacity evaluations for two cases: (1) a nonliquefied
case, which is equivalent to the static case (Tables 6-6 and 6-7), and (2) the seismic case.
Design should be based on the more critical of the two.

Table 6-9. LPile/fCOM624 Parameters for Seismic Loading at N-W Ramp - Piers 2 & 3

fLayer |Type of [Layer Elevation Effective Unit |Cohesion Friction  |Coefficient of Soil
No. |Sail Weight Angle Subgrade Reaction|[Type
Upper Lower
(m) |{ft) |(m) |(ft) |[(kN/m°} |(pef) |[(kPa) |(psf) |(degr.)  [(MN/m®)|(pci)
1 Sand |- - 17 |56 [|192.86 126 |0 0 33 24 90 4
2 Silt 17 (86 [14 |46 8.3 53 12* 250 |- - - 1
3a Sandw/|[14 |46 |2 |30 |9.8 63 0 0 21 5 18 4
gravel
3b Sandw/|9 |30 |1 3 |98 63 0 0 33 16 60 4
gravel
4 Silty 1 3 |2 |7 |91 58 0 0 30 9 35 4
Sand
5 Sandw/|-2 [-7 |-13 ]-43 |91 58 0 0 30 9 35 4
silt &
gravel
6 Sandy [-13 |43 |- - 10.5 67 0 0 .35 23 85 4
Gravel

Note: For Layer 2, assume ¢, = 0.02 mm/mm
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Table 6-10. LPile/fCOM624 Parameters for Seismic Loading at N-W Ramp - Piers 4 &5

Layer |Type of |Depth to Boundary |Effective Unit |Cohesion Friction {Coefficient of Soail
No. Soll Wsight Angle Subgrade Type
‘ Reaction
Upper Lower
(m) |(f) |(m) [(ft) [(kN/M®) [(pefy  |(kPa)  |(psf) |(degr.) {MN/m®)|(pci)
1 Sand |- - 18 (60 [19.6 125 0 0 33 24 90 4
2 Silk 18 |80 (15 (49 |8.3 53 12* 250 |- - - 1
3a Sandw/|15 |48 |930 |62 (9.8 63 o 0 21 5 18 4
gravel
3b Sandw/|9 |30 |5 17 9.8 63 o 0 30 9 35 4
gravel
4 Sity |5 [17 [0 o o1 58 |o 0 30 9 35 4
Sand
5 Sand w/|0 0 -14 48 (9.7 58 0 o 30 9 35 4
silt &
gravel
6 Sandy |-14 [|-49 |- - 10.5 67 0 0 35 23 85 4
Gravel

* Note: For Layer 2, assume ¢,, = 0.02 mm/mm

Abutment Footings

The abutment footing should be designed for an allowable bearing pressure of 290 kPa (3
tsf). With this loading the settlements are expected to be less than 25 mm (1 in). Roughly
half of the settlements is expected to occur during construction of the footing and abutment
wall. For seismic loading (i.e., Load Case 7) the allowable pressure on the abutment footing
can be increased by a factor of 2.

Shear modulus, material damping, and Poisson’s ratio values given in Table 6-11 are
recommended for determining stiffness values for seismic design. These values were
developed using a shear wave velocity of 250 mps (820 fps), which results in a low-strain
shear modulus of approximately 120 MPa (2,500 ksf).

Table 6-11. Dynamic Soil Properties for Abutment Footing at W-N Ramp

Mode of Vibration Shearing Strain = 0.02% Shearing Strain = 0.2%
Shear Modulus 80 MPa (1,700 ksf) 30 MPa (630 ksf)
Material Damping 5% 12%

Poisson’s Ratio 0.35 0.35

In the event that future design studies determine that strip footings cannot be used, because
of the available room or for whatever other reason, it would be possible to use drilled shafts
or driven piles to support the abutment wall. Axial and lateral capacity information
presented in this chapter for the closest pier can be used for drilled shaft and driven pile
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designs at the abutment should a spread footing not be feasible.

Embankment Slopes

The side slopes in the widened area should not exceed 2.5H:1V, which is the maximum
existing side slope. End slopes should not exceed 2H:1V, which is also the existing slope
steepness. For these slope angles the factor of safety for static loading will be greater than
1.5.

During a design seismic event, deformations of the end slopes and side slopes could occur.
The amount of deformation is estimated to be less than 0.3 m (1 foot). Deformations at the
end slopes could impose loads on the foundations for the columns. These loads would be
imposed on the existing foundations, as well as the foundations for the widening project. In
the event that at some future date a seismic retrofit is performed for the widened bridge, the
retrofit should consider the potential effects of these additional loads on the foundation
system. These effects could be evaluated by conducting lateral analyses of pile or shaft
foundations with an imposed load from the moving soil. If the level of deformations cannot
be tolerated, various ground improvement methods could be considered as part of the
overall retrofit program.

- Construction

Construction of the foundations for the widening project requires consideration of a
number of issues related to both quality control and difficulties associated with
construction. A number of these issues specific to this project site are summarized below.
In most cases the contractor should be made aware of these issues or requirements at the
time of bidding.

Driven Piles

The primary issues and requirements associated with the use of driven piles are as follows:

* The potential for wood and cobbles exists throughout the soil profile, and particularly in
Layers 3 to 6. While these conditions were not widespread, sufficient cases were noted
during the drilling of test holes to warrant consideration during the contracting of pile
installation. Pile driving contractors should be advised of this possibility within the
special provisions.

» Inrecognition of the uncertainties of axial pile capacity between the southern and

northern piers, test piles should be installed prior to establishing pile order lengths.
These test piles should be of the same size and should be driven with the same
equipment as will be used during construction.

Table 6~-10. Recommended Test Pile Program at W-N Ramp

Bridge Pier Number Number of Tests
E Ramp 2 1

3 1

4 1

5 1
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Groundwater could be located within 1.5 to 3 m (5 to 10 ft) of the ground surface.
Depending on the location of the bottom of the pile cap, excavations below the ground
water elevation could be required. The permeability of Layer 1, in which the pile cap
would likely be located, is expected to be high. With this high permeability, it would be
essential for the contractor to have identified procedures for handling excess water in
the excavation. If winter construction is anticipated, seals may be required to control
water. If summer construction occurs, dewatering systems may be sufficient to control
water.

Site access will be very restricted for this bridge. It will likely require lane closures and,
possibly, rerouting of traffic.

Drilled Shafts

The primary construction issues and requirements for drilled shaft will be as follows:

The water table is very high for the site and soils are primarily cohesionless. This will
necessitate the use of steel casing from the ground surface to the maximum depth of
construction. Itis critical that the casing be removed during placement of concrete, as
friction values used for shaft capacity design are based on a soil-concrete interface and
not a soil-steel interface. If the casing cannot be removed, shaft side resistance could
decrease by as much as 50 percent. '

Shaft lengths could be up to 30 m (100 ft) in length to meet lateral fixity requirements

during seismic events. For these lengths quality control during placement of concrete
will be critical. Realizing the potential consequences of poor quality control, WSDOT
should plan to conduct sonic crosshole logging in each shaft following construction.

Access will be a significant construction consideration for each pier location.

Abutment Footing

The primary issues related to the construction of the abutment footing are as follows:

6-18

It will likely be necessary to use sheet piling to support the existing abutment fill during
excavation for and construction of the new footing. The depth of excavation for the
footing will be 3 to 4 m ( 10 to 13 ft), if the footing is similar in size to the existing footing
(ie, 1.5 m; 5 ft). However, if a wider footing is needed to needed to meet slope-setback
requirements, deeper excavations may be required.

In the event that the new footing is located below the existing footing, special care will
be required to avoid loss of footing support for the existing footing during construction.
Sheet piling or other support methods are available to provide this support. However,
it should be made clear in the special provisions that support of the existing footing
must be maintained. It would be desirable to survey the vertical elevations of the
abutment wall before construction to be able to quantify any movement that does occur.

Considering the potential for layers of siltier materials at the base of the planned footing
excavation, the footing excavation should be carried to at least 0.3 m (1 ft) below the
planned base of the footing. Crushed ballast should be compacted to the base of the
footing to assure good drainage and high base friction.



Abutment Slopes

The primary construction issues and requirements related to the abutment slopes are as
follows:

* The new side slope fill should be keyed into the existing fill by cutting benches into the
existing embankment, as specified in WSDOT’s standard specifications.

» Concrete slope protection matching the existing slope protection should be used to
prevent ravelling of embankment materials beneath the bridge.
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Project: SR167, CS 1765/6, OL-2305
Drilling Method & Equipment: CME 45 §

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT
kid Rig, Wash Rotary w/ 100 mm Casing

Logger: M. Xue/CivilTech

Sample Soil Description Comments
Standard
_% E Pe”,l‘?“aﬁo” Soil name, uscs group symbol, color, Depth of casing, drilling
O ~— est . . . ap1e .
0 o =8 %- Results | MOIStUre content, relative density or rate, drilling fluid loss, tesis
£ & g 82 2 consistency, soil structure, mineralogy and instrumentation
€| § (3| eee
aw £ |Zc|d= {N)
Elevation: 28m (NAVDS8) Location: Sta. 9+35m, Offset 11m A of CL Test Hole H-8-97
Start: 12/04/87 Finish: 12/05/97 Water Level:
Sheet 10f2
| _|Started drilling at 10:16 am
i _|on 12/04/97 i
50 | 45-|S1| 08| 125 |[SILTY SAND, (S8M), fine to coarse, ] ]
| 6.0 motile brown and gray, very moist, loose, | |
N with some fine to coarse gravel {FILL) _|Driller notes scattered
| : _|cobbles. Slow drilling from |
] 18" due to scattered cobbles
100 | 95-| 82| 08| 7-6-17 |SILT, (ML), brown mottled with gray and _ |and gravels ]
| 10.0 orange, very moist, stiff to very stiff, some i
| coarse sand and fine to coarse angular ~_|Sampler driven on gravel or |
B gravel (FILL) _|cobble for last 6° |
15.0 |145-| 83 | 1.2 5-7-8 |SAND, (SP), fine to medium, dark brown, _— ;
1 16.0 very moist, medium dense, trace of
] gravel (FiLL) i ]
20.0 _H 195-| S-4 | 0.8 | 17-14-16 |SILTY SAND TO SILTY GRAVEL, (SM/ | __
1 21.0 GM), fine to coarse sand, dark gray, wet, ]
| medium dense to dense (FILL} ]
250 |245- 85| 0.0 5-1.2 |NO RECOVERY, cuttings indicate that | Driller notes that break
| 26.0 materials are silty sand and gravel (FILL) _|through dense gravel layer N
| _|at 24.5', Driller notes 2' |
| _iloose layer from 24.5' to |
] _| 26.5', then drilling becomes |
30.0 |29.5-| §-6 | 1.0 | 34-26-24 SANDY GRAVEL, (GP) fine to coarse, | slow. |
31.0 brown to gray, wet, dense, some silt (FILL) | -
h |Stop at 33" at 4:15 pm ]
] _|Resume drilling at 9:10 am
_|of 12/05/97 |
350 1345-| 87| 0.9 | 20-5-3 |SILT, (ML), dark gray, very moist, medium
NOTES:
1) Test hole located on south abutment 7.5' east and 2.5' north of southeast corner of bridge.
2) All blowcounts obtained with WSDOT automatic hammer
3) Water not measured. water in test hole from rotary wash drilling method.
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-8.xls
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Project: SR167, CS 1765/8, OL-2305

Proj. No.: 116184.G4

SOIL TEST HOL

E LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: CME 45 8kid Rig, Wash Rotary w/ 100 mm Casing

Logger: M. Xue/CivilTech

Sample Soil Description Comments
Standard
3 E Pe"_l?“iﬁ"” Soil name, uscs group symbol, color, Depth of casing, drilling
ﬁ Y =2 Rezjlts moisture content, relative density or rate, drilling fluid loss, {ests
£ & g 2 e % consistency, soil structure, mineralogy and instrumentation
5| 8 |52 |Ep[wee
oo E |Zg|cl {N)
Elevation: 28m {NAVDB8B) Location: Sta. 9+35m, Offset 11m R of CL Test Hole H-8-97
Start: 12/04/97 Finish: 12/05/97 Water Level:
Sheet 2of 2
| 36.0 stiff to stiff, with clay layers and fine sand | 1
] seams, traces of organics ]
| | Driller notes smooth drilling
| _|from 37", indicating silt and
400 |395-| 88| 1.2 2-3-4 [SANDY SILT, (ML), dark gray, very moist, |sand materials B
1 41.0 medium stiff to stiff, very fine sand, traces | |
of gravel and wood chips |
] | Drilier notes sandy material |
i _|with traces of gravel from
45.0 |44.5-1 S-9| 1.3 | 10-13-16 |SAND, (SP), fine to medium, dark gray to _ | about 42, ]
| 46.0 black, very moist, medium dense to dense. | |
| END OF SOIL TEST HOLE AT 4¢' "| Stopped drilling at 11:20 am |
| | _|on 12/05/97 ]
500 | N B
55.0 | ] B
80.0 | | N
85.0 | N N
70.0
NOTES:
Installed piezometer. Total length = 43", Bottom 2' solid casing (1"). 5’ of screen with 1/32" slot at 1/4"
spacing. Sand pack located in bottom 13'. Top 36' of piezometer 1" solid pve casing. Top 36' backfilled
with bentonite. Locking cap located at the ground surface.
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-8.xls
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Project: SR-167, CS 1765/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST HOLE LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: M. Xue/CivilTech

Sample Soil Description Comments
. Standard
in Penetration | g4ij name, uscs group symbol, color, Depth of casing, drilling
D — Test . . . L .
0 o _ - %" Results iMoaisture content, relative density or rate, drilling fluid loss, tests
£ 2 g 2 o 2 consistency, soil structure, mineralogy and instrumentation
o't ) E o D = 6"-6"-6"
0 S 2 |38 oL
[=X7] £ |28l {N)
Elevation: 23 m Location: Sta, 9+48m; Offset 9.8m R of CL Test Hole H-9-97
Start: 12/17/97 Finish: 12/23/97 Water Level: 21m
Sheet 10f4
| _|Start drilling at 8:20 am |
| _|on 12/17/97. Began drilling |
] | with 8" HSA. ]
50 ]40-|S1| 02| 458 [SILTYSAND, (SM), fineto medium, | N
| 55 brown, very moist, traces of rounded | j
| gravel | i
10.0 __ 8.0-| 52| 08 3-2-4 |SILTY SAND TO SANDY SILT, (SM/ML), _— _'
| 105 medium to coarse, very moist, loose to 1
| medium dense, some gravel | B
150 |14.0-| 8-3 | 0.6 | 2-11-6 |SILTY SAND,(SM), medium to coarse, _| B
1 155 brown, moist, medium dense, some ]
| subrounded gravel ] i
200 |19.0-| 8-4 | 1.1 | 2-2-2 |SILT,(ML), dark gray, moist, soft to _|8" silty layer at bottom of |
| 205 medium stiff, some very fine sand, fraces _|sample |
| of organics i |
25.0 _: 240-| 85| 15 6-7-7 |SILTY SAND, (8M), very fine, dark gray, ; __
| 25.5 wet, medium dense A |
30.0 _" 290-| 86| 1.0 | B6-9-13 |[SAND, (SP), medium to coarse, dark gray__ Set-up for rotary wash after ;
| 305 to black, wet, medium dense, traces of silt jobserving heave in auger
350 | 34.0 | S7 | 1.0 | 10-11-13 |SAND, (SP), medium to coarse, dark gray | ]
NOTES: '
1) Test hole located below N-W Ramp bridge 19’ east of bridge column and &' north of guard rail on
SR-18
2) All blowcounis obtained with WSDOT automatic hammer
‘ 1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-9,xls
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Project: SR-167,

CS 1765/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST HO

LE LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Logger: M. Xue/CivilTech

Sample Soil Description Comments
= Standard
ek Pe“?*g“°” Soil name, uscs group symbol, color, Depth of casing, drilling
3 Y I E Results moisture content, relative density or rate, drilling fluid loss, tests
£ g g 3 213 consistency, soil structure, mineralogy and instrumentation
% E B g -g 8 p &8"-5"-6"
=X7] E 28|t (N)
Elevation: 23m " lLocation: Sta. 9448m; Offset 9.8m R of CL Test Hole H-9-97
Start; 1217/97 Finish: 12/23/97 Water Level: 21m
Sheet 2of 4
1 355 io black, moist, medium dense, traces | |
i of gravel | i
40.0 __ 39.0-| S8 | 1.0 7-5-8 |SAND, (SP,) fine to coarse, dark gray __ Sand inside auger. Washed-_
| 40.0 very moist, medium dense, trace of silt _|out and then sampled
| and gravel | |
450 |44.0- 5-9 | 0.9 | 7-11-13 |SAND, (SP) fine to coarse, dark gray, i ]
| 455 very moist, medium dense, traces of silt - 1
] and some subrounded gravel ] |
500 |49.0-|8-10| 1.5 | 3-6-5 |SAND, (SP), fine to coarse, dark gray to _|Recovered 2" wood chip in _]|
| 50.5 black, very moist, loose to medium dense, _|sampler |
R with some gravel and wood chips (2") |
550 |54.0-|S-11| 05 | 3-4-10 |GRAVELLY SAND TO SANDY GRAVEL, _|Plug stuck, pulled out. N
|} 555 (SP/GP), coarse sand with medium to _|Washed auger and took |
] coarse gravel, dark gray to black, wet, _|sample |
| medium dense | )
60.0 |59.0-S-12| 0.6 | 2-5-20 |SAND AND GRAVEL (SP/GP), coarse |2* sand inside auger. Washed
| 60.5 sand with medium to coarse gravel, dark  [through rod. Switched to
i gray to black, very moist, medium dense, _|HQ wireline |
] traces of silt i i
65.0 |64.0-/S-13, 0.8 | 9-8-8 ISAND, (SP), fine to coarse, black, very B
| 5.5 moist, medium dense, with silt | 1
20.0 169.0-|S-14| 0.9 | 10-11-13 |SILTY SAND, (SM), fine, gray, very moist | |
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WEDCTBH-8.xls
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Project: SR-167, CS 1765/6, OL-2305

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Proj. No.: 116184.G4

SOIL TEST HOL

ELOG

Drilling Contractor: WSDOT

Logger: M. Xue/CivilTech

‘ Sample Soil Description Comments

! s Standard
. iR Pe“?"it"’" Soil name, uscs group symbol, color, Depth of casing, drilling
i Ao | _ |=8 ;E‘ Re:slts moisture content, relative density or rate, drilling fluid loss, tests
L £ g g 3 = ES consistency, soil structure, mineralogy and instrumentation

oS o |Eolor g '
o = 2 |52 |gfF| €66
- =7 £ |Zag|ct {N)
l Elevation: 23m Location: Sta. 9+48m; Offset 9.8m R of CL Test Hole H-9-97
Start: 12/17/97 Finish: 12/23/97 Water Level: 21m
i Sheet 3 of 4
| ] 70,5 to wet, medium dense, uniformly graded ]
75.0 |74.0-/8-15] 15 | 25-4 CLAYEY SILT, (ML/MH), dark gray, very ] |
. ] 75.5 moist, stiff, with fine sandy silt layer | i
= 80.0 |79.0-{S-16| 1.5 | 4-3-4 |SILTY SAND, (SM), coarse, gray to _|Upper 5" of soilin sampler _|
\j., | 80.5 dark gray, wet, loose to medium dense _|appears to be gray silty clay |
. ] i i
| J, i _|Stopped drilling at 3:35 pm |
85.0 |84.0-|5-17] 0.1 3-4-7 |SILTY SAND, (SM}, coarse, gray to dark _ |Resume drilling at 12:12 pm_|
. | 855 gray, very moist, medium dense, some _|of 12/22/97. Driller notes |
B | angular gravel _|gravel from 81' to 84'
D 90.0 __ 89.0-15-18| 1.0 3-3-4 |SILTY SAND TO SILTY GRAVEL, (SM/ _: __
N 1905 GM), coarse sand and fine to medium ] 1
E gravel, gray, very moist, loose, subangular | |

L—:"] ) gravel | |

!
95.0 |94.0-[8-19, 0.0 | 4-3-4 |NORECOVERY N ]
| 955 i |
‘ 1000 |99.0-{S-20| 1.4 | 2-3-4 ISILTY SAND TO SILTY GRAVEL, (SM/ __|over drive sample for better_|
| 1100.5 GM), coarse sand and fine to medium _|recovery 1

| gravel, gray, very moist, loose R i
= i ]
) ] i ]
105.0 104.0-/S-21| 1.3 2-6-5 |SILTY SAND TO SILTY GRAVEL, (SM/ Over drive 3"

- NOTES:

,,,,,

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

| WSDOTBH-9.x15



Proj. No.: 116184.G4

HILL SOIL TEST HOLE LOG

Project: SR-167, CS 1765/6, OL-2305 Drilling Contractor: WSDOT

Ll

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig Logger: M. Xue/CivilTech
Sample Soil Description Comments
Standard
_g E Pe"Tetrat“"” Soil name, uscs group symbol, color, Depth of casing, drilling
Ly R - Re:jns moisture conient, relative density or rate, drilling fluid loss, tests
£ 8 g 3 e % consistency, soil structure, mineralogy and instrumentation
25 | 8 Er|sp) oeF
[N £ 25 |d< {N)
Elevation: 23m Location: Sta. 9+48m; Offset 8.8m R of GL Test Hole H-9-97
Start: 12/17/97 Finish: 12/23/97 Water Level: 21m _
Sheet 4 0f4
106.5 GM), coarse sand and gravel, gray, very 1

moist, medium dense

110.0 1109.0{821| 1.5 | 2-3-4 [SILTY SAND TO SILTY GRAVEL, (SM/ __|Over drive 5" Sub-rounded _|
110.5 GM), coarse sand and fine to medium _|to subangular gravel
gravel, gray, very moist, loose

115.0 _—114.0 18-22| 08 3-3-4 |SILTY SAND TO SILTY GRAVEL (SM/
| 1155 GM), similar to S-21

END OF SOIL TEST HOLE AT 115.5 FEET]| Stopped drilling at 2:50 pm
Tlon 12/23/97

120.0 |

140.0 |
NOTES:

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

WSDOTBH-&.xis
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Project: SR-167, CS 1765/6, OL-2305

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig

Proj. No.: 116184.G4

SOIL TEST LOG

Drilling Contractor: WSDOT

Logger: M. Xue/CivilTech

Sample Soil Description Comments
= Standard
i Penetration | 51| name, uscs group symbol, color, Depth of casing, drilling
T - Test . . . e .
0 o =gl Resuts |MOisture content, relative density or rate, drilling fluid loss, tests
£ & g 3 e %J consistency, soil structure, mineralogy and instrumentation
% E -9—:3 E -g 8 E Gu_sn_su
o w £ |Za|C= {N)
Elevation: 24.5m Location: Sta. 10+03m; Offset 9.1m R of CL Test Hole H-10-97
Start: 12/23/97 Finish: 12/23/97 Water Level: Not Measured
Sheet 10i3
i _|started drilling at 2:00 am
) _|on 12/23/97 using 6" HAS
50 |40-|S1 | 04| 423 |SILTY SAND, (SM), coarse, brown, moist, _| B
| 55 loose, some subrounded gravels, ] |
| some organics | ]
10.0 __ 9.0-|S8-2| 06 1-2-3 |SAND, (SP), fine, dark gray, moist, Eoose,_: 3" thick layer of gray silt with__
| 105 ‘ with trace of silt _|trace of sand at top of
| _{sample |
150 |14.0-| 83| 1.5 1-2-3  [SILTY SAND TO SANDY SILT, (SM/ML), | _“
| 165 very fing, dark gray, very moist, loose, |
| soft : |
200 |19.0-i 8-4 | 1.2 | 2-3-3 [SANDTO SILTY SAND, (SP/SM), very _|1" thick layer of silt B
1205 fine, dark gray, very moist to wet, loose |
250 |245-| 55| 12| 336 |SAND,(SP)fine to medium, dark grayto |Bottom heaved, Washed
| 255 black, wet, medium dense, some siltand |before sampled ]
i gravel | B
300 |29.0-| S-6| 1.1 | 3-6-6 |SAND, (SP), fine to medium, dark gray to |8 heave. One tap before |
1305 black, wet, medium dense, some siltand |sampling. No washing |
| trace of subangular gravel 1 |
350 |34.0-| S7| 0.6 3-5-6 |SAND, (8P), medium io coarse, dark gray "|Bottom heave. Washed ]
NOTES: :
1) Test hole located below N-W Ramp bridge 15' east and 5’ south of bridge column on SR-18
2) All blowcounts obtained with WSDOT automatic hammer
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

Backup of WSDOTBH-10.xik
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A Proj. No.. 116184.G4
N

SOIL TEST LOG

Project: SR-167, GS 1765/6, OL-2305  Drilling Contractor: WSDOT

Drilling Method & Equipment: Longyear BK-80 Truck Mounted Rig Logger: M. Xue/CivilTech
Sample Soil Description Comments
Standard
3 E PE“T‘?"E“U” Soil name, uscs group symbol, color, Depth of casing, drilling
D ~— est . . , s -
0 o R %- Results |MOisture content, relative density or rate, drilling fluid loss, tests
£ & g 22 2 consistency, soil structure, mineralogy and instrumentation
55 & S3dE[ e
= N7 £ |zl N)
Elevation: 24.5m Location: Sta. 10+03m; Offset 9.1m R of GL Test Hole H-10-97
Start: 12/23/97 _ Finish: 12/23/97 Water Level: Not measured
Sheet 20f3 |
| 355 to black, wet, medium dense, with some _|before sampling |
| fine subangular to subrounded gravels | 1
40.0 __ 390-| S8 0.8 2-1-5 |SAND, (8P), coarse. black, wet, loose, __ Bottom heave, Washed
| 405 with fine to coarse rounded io _|before sampling |
| subrounded gravel a i
45.0 |44.0-| 59| 1.0 | 1-1-6 |SAND, (SP), medium to coarse, black, _|Over drove sample &" for ]
| 455 very moist, lcose, with some rounded _|better recovery |

gravel and trace of silt

| 50.0 (49.0-/S-10! 1.0 | 10-14-8 |SAND AND GRAVEL, (SP/GP), fineto | Taped sampler bottom
| 50.5 coarse sand, medium to coarse gravel,
black, very moist, medium dense

55.0 |54.0-[8-11| 1.5 | 2-2-11 |SANDY SILT TO SILT, (ML), dark gray
55.5 to gray, very moist, stiff

60.0 |59.0-/8-12| 1.2 | 5611 |SAND TO SILTY SAND, {(SP/SM), fine
60.5 to coarse, dark gray to black, very
moist, medium dense

650 {64.5-{S-13| 1.5 | 8-32-41 [SANDY GRAVEL, (GP), fine to coarse "ITop 8" is black coarse sand__
] 855 subrounded gravel, coarse sand, dark
gray, moist, very dense, with some silt

700 |69.0-[S-14| 1.5 5-4-3 |SILTY SAND, (SM), fine to coarse, dark  |5" layer of silt in sand
NOTES:

1 foct = 0.3048 meters
1 inch = 25.4 millimeters

Backup of WEDOTEBH-10.xlk
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Project: SR-167, CS 1765/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: Longysar BK-80 Truck Mounted Rig

Logger: M. Xue/CivilTech

Sample Soil Description Comments
2 Standard
in Pe“_?“i"”” Soil name, uscs group symbol, color, Depth of casing, drilling
do | _ g2 Hegsns moisture content, relative density or rate, drilling fluid loss, tests
£ e g 2 = % consistency, soil structure, mineralogy and instrumentation
% g Q g -g 3 I::‘ 6"'6"-6"
a®m | £ Za Tl (N)
Elevation: 24.5M Location: Sta. 10+03m; Offset 8.1m R of GL Test Hole H-10-97
Start; 12/23/97 Finish; 12/23/97 Water Level: Not Measured
Sheet 30f3
1705 gray, very moist, loose, some gravel |
75.0 __ 74.0-|8-15| 1.2 | 17-3-4 |SAND, (SP), fine to medium, dark gray, ; High blowcounts for first
| 755 very moist, loose, some angular gravel 6" possibly driving on 1
| (upper 8") over SANDY SILT, (ML), dark _|gravel or cobble |
] gray, very moist, soft (lower 12"} | 1
80.0 _: 79.0-|8-16| 1.3 | 28-7-4 |SILTY SAND, (SM), fine to coarse, dark : Possibly driving on gravel ]
| 80.5 gray, very moist, loose to medium dense, | |
| some subrounded gravel | |
] END OF TEST HOLE AT 80.5 FEET "|Stopped drilling at 1:50 pm |
850 | lon 12723197 ]
90.0 | ] ]
95.0 _| _ N
100.0 | | ]
105.0 | | |
NOTES:
1 foot = 0.3048 meters
1 inch = 25.4 millimeters

Backup of WSDOTBH-10.xik
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Project: SR167, CS 1765/6, OL-2305
Drilling Method & Equipment: CME 45 Skid Rig, Wash Rotary w/ 100 mm Casing

Proj. No.: 116184.G4

SOIL TEST LOG

Drilling Contractor: WSDOT

Logger: M. Xue/CivilTech

Sample Soil Description Comments
Standard
3 E Pe”f;r;ﬁ"“ Soil name, uscs group symbol, color, Depth of casing, drilling
£ ° =8 b Results moisture content, relative density or rate, drilling fluid loss, tests
£ g g 3 = % consistency, soil structure, mineralogy and instrumentation
2| 5 [Se|Bp[eee
Qo £ Z2s|Xd= (N)
Elevation: 29m Location: Sta. 10+38m, Offset 8.5m R of CL Test Hole H-11-97
Start: 11/21/97 Finish: 11/21/97 Water Level: Not Measured
Sheet 10f2
| _|Started drilling at 8:50 am
] “lon 11/21/97 |
5.0 __ 50-| 811 05 3-7-8 |SAND, (SP), coarse, dark brown, wet,  |Blowcounts with WSDOT |
| 65 medium dense, some silt and round _|automatic hammer |
] gravel to 1" (FILL) i ]
10.0 |10.0-| 82 | 0.0 | 7-12-16 |NO RECOVERY _|Two pieces of gravel ]
| 11.5 _|droppedout of shoe.
| _|Blowcountswith WSDOT's
| _jautomatic hammer |
15.0 _— 15.0-| 83 | 1.2 | 9-13-16 |SAND, (SP), medium, brown, very moist _— Switched to safety hammer ;
| 16,5 to wet, medium dense, some gravel and _|with rope cathead due to
] gray silt (FILL) _|hydraulic leak with |
| _lautornatic hammer i
20.0 |20.0-| S-4 | 0.9 | 15-19-20 |SILTY SAND, (SP/SM), medium, mottled _|Safety hammer with rope
| 21.5 brown and gray, wet, dense, with siltand _|cathead procedure for
| rounded to angular gravel (FILL) _|blowcounts 1
250 |25.0-| 85| 0.5 | 16-11-8 |SANDY SILT, (ML), mottle gray with _|Had difficulty pulling bit out.
| 265 orange, very moist, stiff to very stiff, ]
some gravel (FILL) i
) _|Driller notes more gravels
| “|from 28". Abundant gravels _
30.0 130.0- S-6| 0.8 | 15-23-19 |SILTY SAND, (SM), gray, very moist,  |at 29 N
"] 315 dense, with rounded and angular gravel |
j (FILL) _ i
| |Driller notes less silt and
35.0 |35.0-! S-7 | 0.4 | 10-10-11 |SANDY GRAVEL, (GP/GM), dark gray, more sand from 34'

NOTES:

1) Test hole located on north abutment approximately 11' east and 4' north of northeast corner of bridge.

2) Blowcounts above 11.5' obtained with WSDOT's automatic hammer. All blowcounts below 11.5°
obtained with safety hammer and rope cathead

3) Water not measured. Water in test hole from wash drilling method.

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

Backup of WEDOTBH-11.xlk
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Project: SR167, CS 1765/6, OL-2305

Proj. No.: 116184.G4

SOIL TEST LOG

Drilling Contractor: WSDOT

Drilling Method & Equipment: CME 45 Skid Rig, Wash Rotary w/ 100 mm Casing

Logger: M. Xue/CivilTech

Sample Soil Description Comments
z Standard
i Penetration \g4i| name, uscs group symbol, color, Depth of casing, drilling
T ~— Test . . . - .
0 o gz Results |Moisture content, relative density or rate, drilling fluid loss, tests
S & ‘é‘ 2 = g consistency, soil structure, mineralogy and instrumentation
% ‘g E g -E 8 p 6“‘6“‘6"
oo E |Z2g|c {N)
Elevation: 29m Location: Sta. 10+38m, Offset 9.5m R of CL Test Hole H-11-97
Start: 11/21/97 Finish: 11/21/87 Water Level: Not Measured
Sheet 2 0of 2
| 36.5 wet, medium dense, with silt (FILL} 1
400 |40.0-| -8 | 0.6 | 8-10-11 |SAND, (SP), very fine, dark gray, wet, ~_| ]
| 415 medium dense, with trace of silt and some | |
| gravel | i
] END OF TEST HOLE AT 41.5 FEET | stopped drilling at 4:00 pm
450 lon 11/21/97 ]
500 | _ _
55.0 | N ]
60.0 | N |
650 | _| ]
70.0 | |
NOTES:

1 foot = 0.3048 meters
1 inch = 25.4 millimeters

Backup of WSDOTBH-11.x1k
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PARTICLE SIZE DISTRIBUTION TEST REPORT

. ., . & L £ £ g s & o
£ 2 £% =3z §g g g § § g £ %8
100/ T K‘k T
90
80
H;g\
70 S,
e 80 : N
£ \{
E =0 N .
i N \.. : A |
@) U TN
% 40 A NG 5
i ! i
30 : A BNE
B NG
I\ H
20 : N i
‘YN
N \
10 + : }
T N
i o R R 4
ol | . LT
260 100 10 c 0.1 D.01 0.001
GRAIN SIZE - mm
% COBBLES | % GRAVEL % SAND % SILT % GLAY uscs AASHTO PL | LL
&) 392 5%.0 SP
O 241 513 SM
A 39.0 557 SP-SM
SIEVE PERCENT FINER SIEVE PERCENT FINER SOIL DESCRIPTION
inch . © Poorly graded sand with 1
|nst?z:s o) O A m;r;‘!zlz r O 0 A oorly gra sand wilh grave
1.5 100.0 #4 60.8 75.9 61.0 '
1 100.0 100.0 87.9 #10 46.0 66.9 52.2 I Silty sand with gravel
15 75.1 R6.5 87.9 #20 27.5 57.0 44.8
5 75.1 8317 772 #40 13.5 47.6 37.5
375 71.0 80.8 71.7 #?28 gg g’gg %gg A Poorly graded sand with silt and gravel
#200 1.8 246 5.3
GRAIN 8IZE REMARKS:
Dgp 4.5} 1.0% 4.38 c
Dap 0.95¢ | 0.103 0.281
P1p 0.329 0.102 A
COEFFICIENTS
Ce 0.61 0.18 o
Cy 13.70 43.14
© Source: H-9 Sample No.: SP-11 Elev./Depth:
O Source: H-9 Sample No.: SPT-18 Elev./Depth:
A Source: H-10 Sample No.: SPT-10 Elev./Depth:

SOIL TECHNOLOGY, INC.

Project No.:

Client: CH2MHILL
Project: SR-167, OL-2305

W-N Ramp
J-112]

Plate
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L

-

L

L

L}

CH2MHILL
SR-167, OL-2305
W-N RAMP

Takle 1; % Finer than .75 micron

Soil Boring No. Sample No. % Finer than .75 micron
H-8 SPT-2 34
H-9 SPT-4 29
H-10 SPT-3 58
H-10 SPT-11 48
H-11 . SPT-5 19

Soil Technology™Inc.
J-1121
Page 1




Project : W-N Ramp
Projeci No. : SR—167,0L-2305

Soil Technology, Inc. Location @ Auburn, WA
Dote : Mon Jon 12 1988
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PLASTICITY CHART

80a|l|||||t||||||||1|||||1||||||:||||1l||

T T T 7T F T [ T T T 7

CH or OH
70

60

50

40

30

PLASTICITY INDEX, P1

20 oo

10 MH or OH

PRTIEE 0% VN, Y TN SN TN TN K YO W DU Y S T N ST T SO O YO Y NG N T ¢ N O B |

LI B B s B e A D N B B B B A B I L N

/ CL‘IML ML or OL
i

Dl|!|||||||||||I|G|||l|||||1||||||J'\||||I|\\|‘1|_L-Ir1:

10 20 30 40 50 80 70 80 ag oo 110
LIQUID LIMIT, LL

o

Sample  Water Liquid Plastic  Plosticity
Symbel Number Content Limii Limit Index Soil Classification

0] H9,5PT15 38 33 3 2 (ML) Sandy silt

Figure 2
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: 3 ' f_{_ﬂ‘r‘”ﬂl 4 2 Fal L 1S Bk TAN. BRG, R WASH, U-0z1=1{3%) s e
2 Seser EWW I r99.61 | 20307 22| 8000 | 14559 | 291,14 | 0.0Z), |NET 0043 £ ' e o
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V¥ LiVE ’__ﬁ ROL. LD J31 7823 I3 1asy O 3 AT & FO.21" \ Sfrok ’ e requireinents of the Stale or Washingron, Department o
3 h-l % ';’,:ﬂﬁepm,f' 4 %{ AOT EWN X+ 37.10 a ax EWN SF .00 ?’ 3 ¥ . p ”;sz:;?c '& ﬁw 215402 PC R: — % - gfgﬁu;a‘?:;ioﬁfam ;‘g,z.;aﬁcafmns for Focd and Bricge
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i £ Farm 351.003 [H. F. 28.684)
g {Revised 5-471. WASHINGTON
STATE HIGHWAY COMMISSION
4 DEPARTMENT OF HIGHWAYS
- LOG OF TiST BORING
S.H R. 167 Section...... West_Auburn Interch. - Job No. ... L=3598
" Hole No..&=5 . Sub Section....EXN. Ramp Over SR.18. ... eeeeereeeeene. Cont. Sec. ... 176303
D Station._EWN_30+67T Pler #1. Offset .......23! ] t: g, eeeseernmen. Ground EL . €L
Type of Boring... Wash Eore Casing..._... 3. X.100". ".""J" e WT.EL ... 6h. )
[ IBSPECTOeree Date...29 April-May 5, 1971 . Sheet...l ... of .2 ...
| —
 cerm i pLows FRCFILE 1oaBELE, CESCHIPTION OF MATERIAL
] s 1
| U-1 || SILT - Brown, crganle
& PEAT - Derk brown
E" T Zb 5ta.|
i 1/2' Pen -
7 1 -
E 5 2 SIIT - Gray
5
A . -
D 2 c | u-3 || SAND - Gray
C 4
D‘ & Std. -
7 Pen
| 1.2 6
6 wh
D 10 j SILT - Gray, layered with extremely fine sandy silt
A ]
| ABC U-5 Sand layers, scattered organic matter
D
L Y .
L T Std.
[: " 6 Pen
£ 10 76 SAND - Gray
s
! E-
J-7
i v
= 5td. :
Pen SIIT - axtremely fine sandy & extremely fipe - L :

Gl

Sand, gray. layered, ascsttered organic

E 23 J,
13 8

metter

E{ 167 MP 13.77 to MP 14.73
5¢h St. S. W. %o W. Main St.

' -021-1(3) - 1971

)

in Auburm

68 of 88

Log of Test Borings
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v form 2513020 (K. F. 28,581

Revised 587,
Hole No.__h.ﬁ:i_.-._-.--__.-_.___ Sub Section. EWN_Remp Over SR 18 Shest....2 .. Y S R
A 43 PROFILE i, - DESCRIPTION GF MATERIAL
A_BCS? -9
Il
3 T Std.
- 2 Pen || SAND - fine to medium, scattered cosarse
P
2 .
3 10 Clean dark gray, seattered wood
25 . fragments &/or logs
¢ ‘(; U-11
D
E
h: 4
3 ~T Std.
& g Pen
2 Le R
30
Y ,
U-13]| 35' noted slight artesian, with 1' heed -
| nearly stopped
A Std.
na g ‘ Pen -
v o3
A 22 w 1b Gravel, sandy, gray
35 appears water bearing
25 std.
_ an 12 Pen
- 11
_ll__‘;:_l‘s
Lo
J 2 T std.
A 13 FPeo
- 16 Sand - fine to coarse & pea gravel, gray
o ||
SR 167 MP 13.77 to MP 1L4.73
15th 5t. S.W. to ‘W. Main St. in Auburn Log of Test Borings
69 of B8

U-021-1(3) - 1971
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7Y Farm 151 293-0 M. F. Iﬁ.bb_-M.

Raviied 5-67.
{ole No A=5 Sub Section......ZHN _Ramo Over SR 18 3 i
L : e Tmee 3 of A
) omem | mene |G T
| e T
? B 1 g "
—_— ,
% | K
-y Sandy gravel - gray, Scatternd wo-s 2/ 1
Z A sta. ———=e il WoeZ 2 1ecs
= & | Pen
vy R
o &
{ = 18
K
50 Sand - gray, trace “°°@4—£Inxg1h__-:—
?U-J_Q lenses
‘L e ————
5 4 Std. T
- 3 Pen
- 2 T TT—
:g 3 =y 20
R
55 Gravel = oll sizes, sapdy B L ghe o gon
‘? U-21
l e ——
13 4 std. T
A %1 Pen
11 4 22
‘—__-"-""--—_;
&0 :
.'1 e
U-23
K
~y
10 4 Std. TTTT——
~e 12 Pen
r =33 ’ o T——
13
13 < 2b
N
65
€ n’liStd. T
11 5 Pen
EA T
i 25 Gravelly, siity sand - with LAyars of
- ars o
fine to coarse sand & pen Ernye) |
., >I' By
“““*ﬂ.—;
10
- ‘—__-_-_-'___
7 MP 13.77 to MP 14.73
jth St. §. W. to W, Main St. in Auburn

-021-1(3) - 1971

log of Test Rorines

70 of B8
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___ v Foyen 55 903-a M. F. 24.0é-4].

m

1‘ : Revised 5-47.
)
P _wle No.._ A5 Sub Section EWN_Remn_over SR 18 Sheet.. b of ...
P= T
— I pLows SAMPLE
i PER FT. FRCFILE TUBE NOS. DESCRIPTICN OF MATERIAL

U-26ll Gravelly. silty sand - with lavers of

-
|

!
= |
{ ! <7 fine to coerse send & pes gravel, gray
| T4 |
- no 13 et
A_ 9 l Sen'
l ; T - 27
L
- 75
. 16 & std.
] , - ig { Pen
14 28
i 80
11 T Std. _ .
- 16 8 Pen :
] 8 29
Q. =y
E
[} as
L 83 2
10 1 Std.
— LY 6 | _Pen
{? ; l 30
L 9 = X
i—T
* 90
| 19 4 Std.
-"\5 19 Pen
= 6
| 6 3l
(! |
W
|

| 1. .67 @ 13.77 to MP 14.73
‘L) 3th St. S.W. to W. Main St. in Auburmn f

-021-1(3) - 1971

Log of Test Barinas
71 of 88
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-WY Form J5M003-0 [H, F. 26.66-4).

5th St,
-021~-1(3) - 1971

Revired 5-47.
Hole No....AzD Sub Section EWN_Ramp Over SP 183 . Sheet...5 of ....5.
=PTH FLows PROFILE s DESCRIPTICN OF MATERIAL
[ 18 4 std.
oo ¥ Pen
L 6
6 <p32
3 Gravelly silty sand -~ fine to coerse sand
100 Gray. silty, eravels scattered throughout
42 4 Sstd.
b 11 Pen trece wood
18 & 33
105
8 Tstd. .
~ 10 Fen
= 10 ’
13 oy 34
‘; Sendy gravel, silty binder, qreénish
£
gray, very dense
110
52 A Std.
An 36 Pen
L7
4 e 35
Lo 4
_ 51 | Std.
81 R0 Pen
LA A4
26 STOPPED TEST RPORING AT 11L'.5"
ILogs &/or wood frapments possible throughout
' 71)] sapples dsmp to lwet
no water 1ost in hole Q' tg 114'-A"
167 MP 13.77 to MP 14.73

S.W.

to W.

Main St.

in Auburn

Log of Test Boring
72 of 38
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'} 5th St, 5. W. to W. Main St. in Auburn

]

4

WY Form 351.003 (H. F. 25.841
[Revised 5-67),

S.H .S.R

167

Hole No.__#-3

Sub Section

N‘*\]“p-cu—y-\.(\

WASHINGTON
STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS

LOG OF TEST BORING

Section. West Aubura Interchange ... Job No. ... ...L=3598..
EWN Ramm OVEI_-.SE-.l_B_.E...PiEI'..:g . Cont. Sec. ...1.7.6503'::15
Oﬁ'sct.........--_2._6..'._...3'33..-.-.g ....................... Ground EI. 68 -h

Casing.....122'-0" (auger) . .. W.T. EL . ...BL.b

Type of Borin g..Auger

Inspector .o -

Date.... 19 April, 1671 . ... Sheetood oo 0f 6

DEPTH BLows PROFILE Tjg‘ﬁ"‘:}g& N DESCRAPTICN OF MATERIAL
3" asphalt surfacing
FILL - Sand & gravel, sll sizes with sparse cobbles,
R silty, brown & gray, compact to dense, moist to
13 4 std.
mr 18 Pen || 2' wet therecn
- -~ 18 1
33 -~y logs or wood fregments vossible through the depih™
5 of this boring
' . 5 Std. —
20 % 11 Fen - - _
I 5 2 . '
11 6 SAND - fine, silty with trace of peat, grey, loose -
10
! I C fU-B
D
! SAND - fine to coarse, silty with cccasional s;lt lepse
std.
15 ~ 12 Pen || trace of peat & wood fragmenis, grev, Ccompact
— 13 Lu .
18 1
1{ .
- B a
C U-5 STIT & STLTY FINE SAND - merbled & layered
S -
I - trace of peat, grey, slightly compact
5 Tstd. '
20 _|1g | A"

67 MP 13.77 to MP 14.73

-021-1(3) - 1971

Log of Test Borings
62 of 88



VY Form 351.003-a (H. F. 24.5¢-A),

Revised 5-67.
Hole No...A=3 Sut Section__ EWN Rerp_Qver SR 18 Shees 2 of 6
OEPTH B PROFILE TUE MOS. DESCRIPTION OF MATERIAL
7l
17 -
G -
% g;g SAND - fine, silty thin lenses of silt & trace of pest
35 _ ;_5 gen _grey, slightly compact to compact
0
25 27
) 6 Std.
" 9 T pen i
e 10 9
12 - -
30 .
12 T Std.
23 T 1] Pen
1 6 |1 : .
12 5 . 4 SILT & GRAVELLY SAND - Tavered. fine to coarse
35 silty sand with small amount of fine gravel, grey
slightly compact
L
I 156 A Std.
39 12 I Pen | GRAVELLY SAND - all sizes sand with fine gravel &
1 11
24 h: sparse course gravel, slightly silty, prey. compact to dense
Lo
27 dstd.
en 28 | Pen
A 30 12
38
45
3}3.67 MP 13.77 to MP 14.73
5th St. s.w.
3 S.W. to W. Maip St. in Auburp Log of Test Rorings

221-1(3) - 1971

63 of 88



EWN Rerp over SR 18

Sub Section......=

Sheeteooo.. 3oeeees O e B

-, VEPTH pLows PROFILE ‘ e DESCRIPTION GF MATERIAL
|
3 Std.
e 13 Pen .
3 13
-__50
i
-
e —t— 1 g ,
b T Tsm.
L4 20 Pen || SAND - fipe, silty with sil% stringers, gres, compact
. i 24 -Llu ;
B 23 = to dense
4
55 "
- .
i
7 1L & 5td.
3 30 1 16 | pen _
4 10 15
» 20 10 SAND & SILT - Layered with trace of peeat, sand is
? .
~ 60 fipe & silty, grev, slightly compaci to compaet
;
. 5 4 s5ta.
| an 8 Pen
. = 12 I 16
16
. i A
{
B
!
4 5td.
R e 9 Pen
B d 13 | 17
16 ¥
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= 8 L 18
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75 compact
] § & sta.
_c 11 Pen _ _
80
7 T Std. -
10 5 Pan
= 5 50
8
85
I+ std,
=7 8 21
11
aQ
11 T Std.
foio] 1C | Pan
= 18 ‘Lea
24
5
W67 MP 13.77 to MP 14.73

*h Sr. S. W.
~)21-1(3) - 1971

to W. Main St.

in Auburn

Log of Tect Borinzs
65 of 88



1."( Form 51 OO:I a [H. F, 26.60-A)
i Revised 5:67.

Y{ Hele No._ A=3 oo Sub Section....

EWN Ramp _over SR 18 Sheet. .5 of B

VEPTH povs FROFILE T e DESCRIPTION OF MATERIAL
]
B T std.
) 26 Pen -
: J_,L
100
I T R
¥std.
— lh‘ Pen
. l 24
©__105
07 5 std. -
J 15 7 Pen
a7 ] 25
. 8 ¢y
4 110
- 12 TSt .
28 1 16 Pen
2 4 32 26
) g6/9" 54/3" SANDY GRAVEL - Silty, all sizes with cobbles
j 115 grey, dense to very dense
?i
T0 Std.
_:l 1214_ 514_ PE&T ———
A
T 201 _
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"1 17 “S5td.

: 0 25 Pen
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S WASHINGTON
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;_ LOG OF TEST BORING
— S.H S.R.__ )87 Section... ¥est _Auburn Interchange Job No. .....L=3598 . ...
. -—Ram Sy SN S S 176
. Hole No,, '/-Z/ 3._3.,,.,.7,,,.-,.7-. S}Jb ch.’:non MITETE : -[féd’/:?: L Cont. Sce. .. 765..__.--...--_-_.-.
E‘ Station._-=i -J.&h.- Pier #3 Offset..._2'=L oo A7 Ground F1. .65 . .
" Type of Boring Vash_Bore Casing._ 3" X 45! W.T. EL O
N Inspector... Date..20_& 21 Nov, 1969 Sheet..... 2 of 6
= perm e PROFILE nsrwnos. ||  DESCRIFTION OF MATERIAC
- 7 - ) :
C {U-1 || STIT - Organic. brown, wet
—d D
o B PEAT - Wood, organic matter, brown. wet
i1
i 1 *{ 1 -
4 3
— 6 3 v SAND - Scattered silt lenses, woogd )
)
g _ ) gray, wet .
. fa ‘
K ¢ ? U-3
i D
E h |

=T L fsta

} o i Pen
i 33 Z
- 6 Vi

!
10

i Cj:U 5

{ 3 Std.
- 5 L ﬁPen
- >

36

15 -

- A

| Bod u-7 _
T - 5 +sStd. ' :

5 13 ﬁz 8 Pen || SAND - fire to coarse,.scattered wood,

- s 11

. 125 _ ik 78 gravel, trace silt, gray, web

3

- 3
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| A
U-9 || SAND - fine to coarsc, scattcred wood,
< Gravel, trece silt, gray wet
11 TStd.
" Y 17 | Pen
]v £J. 23 |
23 glo SAND - fine to medium, scattered
25 coerse, scattered wood, slightly
_ 7 5td
{ <7 6 | Pen | silty, trace of gravel, damp
17 g1l
1 q
. A SAND - fine to medium, gray, wet
o
7 ¢ Std.
L. L 1) | Pen p
. == 15
19 w12 _
35
' 6 & std.
rod 05 ll Pen
: - 1k
L-[_ 18 913
i
[ho ;
! 3 4 Std.
- 10 | Pen
C =7 9
; 13 Y1k
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T | 11 AStd.
a 5 -lPen Water level - -0.D,' (ground level)
< L ¢15
) 6 SILT - compact, gray, moist
= ]
Togs or wood fragments possible through
. 20 A the depth of this boring.
8
! D U-16
. ) ;f . '
| lh- ;,.Stﬂ..
N i~ | Pen
2l ! To |17 | SILry, GRAVELLY, FINE SAND - compact, demp
: 12 :
:; é  V spersely scattered fine grevel, & trace of
LR " .
_ 55 20 Astd. || peat, gray silt, brown peat
e 13 | Pen - B
A 29 16 |18
. N
r }
al %ﬁ STILT WITH PEAT IENSES - slightly cempact to
(| compact, moist, gray silt, 2" ¥ Jenses
o
Lol X ) .
_60 -9 Astd. || of brown veat and motiled gravish brown
- 1L | Pen '
| 30 16|19 | silt
R 33 9
i% :? STIT - slightly compact. roist, rotiled graey
. green end brown
Ll 65 6 ADsta.
‘ g Pen
T 16 7 |20 | sTTy, SANDY GRAVEL - Loose to slightly compact,
L 11§
gray, wet, fine to coarse send and
j{ fine to coerse gravel. TFregments of
’ o wood and traces of peat scattered through
10 3 4
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6

-h

1k

13

| Std.
Pen

Uil L

21

/

1544,
Pen

—

srohw

22

- 3

Q>

B | g-23

Xstd.
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=

== = O
)

A sta.
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s

“ 10

} - 75

L 135
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|
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ranges from comwact to very dense.

sy Asta.

25 Pen
27 {26

12 4 8%td.

16 | Pen

STLTY SANDY GRAVEL - Dense, damp, gEray
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21 Asta,

cravel =nd cobbles

15 | Pen
60_¥Ye8
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a5 AStd,

27 |.Pen
2L

20 ¥29

|

20 +

,{ 20
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